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ii. Abstract
Almost 50% of national energy consumption can be attributed to the operation of buildings. This places an 
immense burden on natural systems, as a function of increasing extraction and transportation of fossil fuels, 
and the associated impacts of their combustion. Measures are available to vastly improve energy efficiency 
in both new and existing buildings, but these opportunities are not being seized. Instead of becoming more 
efficient, buildings are actually placing an increasing burden on the environment through their profligate use 
of energy, further compounded by an increase in total floor area.
Developed with Carillion Pic on major public sector projects, but applicable to wider construction markets, 
this thesis presents a design tool, which predicts the energy and cost performance of buildings. Providing a 
powerful source of information at influential stages of building design, the so called Energy Toolkit opens up 
new avenues of communication with clients, promoting a more integrated, cross-disciplinary design led 
approach to energy issues. Clients have testified the strengths this tool has brought to Carillion's proposals.
Energy efficiency in buildings is generally perceived to be expensive, and consequently, a cost that will not 
be borne by today’s clients and property developers. The thesis demonstrates that best available techniques 
could reduce energy consumption of buildings in the order of 50%, without requiring significant capital 
expenditure. Empirical testing on a representative sample of public buildings shows that this could deliver 
considerable environmental and economic benefits.
Barriers to energy efficiency are well documented, and this thesis demonstrates how such barriers can be 
broken down using actual case studies. Notwithstanding a number of concerning characteristics, new 
avenues of procurement such as the UK Government’s Private Finance Initiative, represent a good platform 
from which to expose these barriers, and their effect upon environmental and economic performance.
Key Words: Energy Efficiency, Life Cycle Costing, Sustainable Building Design, Environmental Assessment
iii: Executive Summary 
Introducing the Issues
Considering the fact that in the developed world we now spend over 90% of our time indoors (Papanek, 
1995), it should come as no surprise to learn that buildings have a significant impact on the environment. 
These environmental impacts are apparent at all stages of a building's life cycle, from the extraction and 
processing of building materials, to the demolition and disposal of the building at the end of its useful life. 
Buildings consume a considerable amount of the earth’s energy and material resources. Of all these whole 
life environmental impacts, it is the energy consumed during the building’s operation that is consistently most 
significant; accounting for over 80% of environmental impacts in whole-life LCA studies (Smith, 1997) (Eaton 
and Amato, 1997). It follows therefore that the energy efficiency of buildings represents one of the most 
important deliverables in the transition to a more sustainable way of living (Curwell and Cooper, 1997). 
Reducing the demand for energy in the built environment depends not only on design and technical 
parameters in buildings, but also the behaviour of occupants, and their awareness and understanding of how 
a building and its services function optimally (Baker, 1992).
In spending so much time indoors, it is almost inevitable that buildings as products are taken for granted. 
This complacency means that one of the most significant environmental impacts of the developed world is 
relatively unregulated, and that building energy consumption is not considered a priority in either policy 
responses or concerted action within the construction and development community. Rather than becoming 
more efficient, there is evidence to suggest that buildings are actually consuming more energy than ever 
before. This is due to two factors, firstly the floor area of the built environment is increasing, and secondly the 
consumption per unit area is rising (EIBI, 2000; Sera se 2000). Given the former, energy consumption per 
unit area will have to fall simply for national energy consumption to remain stable. Considering the IPPC 
(Intergovernmental Panel on Climate Change) assessment that we will need to reduce greenhouse gas 
emissions by 60% by 2050 (Houghton et. al. 1990), stabilising energy use at its current level is not an 
acceptable option, and substantial reductions will be required from the built sector. The importance of the 
built sector arises from the fact that the operation of buildings in the UK accounts for approximately 46% of 
the total energy demand, and 48% of the total CO2 emissions (Parrott, 1998).
This thesis will demonstrate how very substantial improvements in building energy efficiency can be made 
with very little additional capital expenditure, and furthermore, how these benefits can be incorporated into a 
repeatable and widely applicable procedure. The breadth of this applicability is limited only by the 
applicability of the energy assessment tools used to support the process. The design tool described in this 
thesis is known as the “Energy Toolkit". With appropriate training, the Energy Toolkit can be used by a wide 
variety of construction professionals and clients, substantially broadening the ownership of those decisions 
that influence energy efficiency.
Delivering energy efficiency in the built sector is a complex operation involving the co-ordination of building 
and services design, with the requirements of building owners, occupants and managers. This thesis 
demonstrates that best available techniques could reduce energy consumption of buildings by over 50%, 
and substantially more in some sectors, without requiring significant capital expenditure. In fact there is an
increasing body of evidence, further supported by work in this thesis, to suggest that energy efficient design 
can reduce both capital and operating costs. The apparent lack of interest in these seemingly highly cost 
effective energy effective strategies has been termed the “energy paradox”. (Hasset and Metcalf, 1993)
The majority of new and refurbished buildings in the UK fail to take advantage of a wide range of proven 
energy and cost saving techniques. There are a number of factors in the industry are constraining pioneering 
approaches to long term building performance, amongst others, there is a concern that such buildings cost 
more to construct, that they have a distinct or ungainly appearance or that they are seen as risky 
propositions in the marketplace (Bordass, 2000).
Flagship demonstration projects highlighting the benefits of pursuing low energy approaches, such as the 
BRE Low Energy Building, the Wessex Water HQ, the BedZed development and Sainsbury’s Millennium 
Greenwich store (to name but a few) have not had a significant influence on the characteristics of 
mainstream building works. These flagship projects, whilst being outwardly successful as individual entities, 
are still a long way from the realities of more typical procurement practice in the UK, and indeed many other 
developed nations (Hawken et. al., 2000). The technical potential in building energy performance is evidently 
increasing, while the take-up of such technologies is occurring at a much slower pace. It is however wrong to 
consider the energy efficiency debate simply as a technology transfer or dissemination exercise. Passive 
approaches to building design in optimally insulated more climate responsive buildings which frequently offer 
the most economically and environmentally favourable solutions. These approaches borrow heavily from 
past approaches to building design, when natural ventilation and lighting were essential components in 
maintaining an acceptable internal environment. Such strategies demand a “back to basics” approach, and 
strategies in which the whole building is considered as an integrated unit, including the architectural 
concepts, mechanical and electrical services, and the requirements of the building users and owners. This 
integrated thought process is not evident, and current procurement practice is characterised by 
fragmentation and poor cross-disciplinary communication. This thesis will demonstrate how a flexible 
procedure can begin to break down some of these barriers and expose their detrimental effect on building 
performance, both in environmental and cost terms.
Context for the Research
Work described in this thesis demonstrates that the Private Finance Initiative (PFI), a “design, build and 
operate” procurement route used by the UK Government in the provision of public services, represents a 
suitable demonstration platform to show how integrated approaches to procurement can deliver superior 
energy performance. It is recognised that PFI represents only a fraction of the buildings commissioned in the 
UK each year, and that PFI contracts themselves have some inherent weaknesses from an energy efficiency 
perspective. However, the results of these investigations can be used to influence the actions of for example 
speculative developers in more mainstream markets who would otherwise have little direct interest in a 
building’s long-term performance. The approaches put forward in this thesis are not intent on creating 
flagship green projects, but rather buildings which are appropriate to the mainstream market, encompassing 
low cost, or short payback features to dramatically improve energy performance. A detailed example given in 
this thesis demonstrates how a 60% energy reduction over a current building regulations approach can be
achieved with less than 0.2% increase in capital expenditure, and a payback period of approximately 24 
months. This is a solution which offers a favourably disproportionate balance between costs and savings. 
This thesis suggests that on a project-by-project basis that significant advances in building energy efficiency 
could be achieved in a cost effective manner, even within the current economic climate, with relatively 
depressed energy prices.
A number of flaws within the PFI process are brought out during the application of the Energy Toolkit in live 
situations. These problems mainly arise as a result of the structure of PFI, and these details are having a 
dramatic and detrimental effect on energy performance and long term building value. The thesis will 
conclude with a summary of these weaknesses, giving a strong recommendation to Government on the 
steps that need to be taken to improve the energy performance of buildings under PFI. There is also 
evidence to suggest some inertia within the construction industry in changing their thinking from short term 
traditional competitive tenders to long-term service led contracts such as PFI.
These PFI problems form part of a wider set of barriers to the realisation of energy efficiency have been well 
documented (Shove, 1998 and Sorrell 2001), and cover a wide range of issues from the constraints of 
competitive tendering, the fee structures offered to mechanical and electrical services engineers, and the 
long term ownership issues of buildings. Many of these barriers manifest themselves during the design of 
buildings, a relatively short period, but followed by a long period of operation were the consequence of these 
barriers are felt, in both energy and cost terms. This thesis demonstrates how design processes can begin to 
influence energy performance before any physical design begins.
Research described in this thesis recognises the design process as a pivotal part in the delivery of efficient 
buildings. It is at this stage that the design components of a building are fixed for a long period of time, 
certainly until a major refurbishment, and in some instances the whole life of the building. Whilst occupant 
behaviour and building management are considered highly significant variables in the energy efficiency of 
buildings, it is self evident that an optimal building solution begins with the decisions made through project 
inception, and design. This is demonstrated in the thesis through significant projected energy savings in the 
design of a University residence complex. Considering the considerable benefits to be gained from more 
analytical approaches to design, this research focuses on the design stage, and the management of the 
decisions during this process in the delivery of more efficient buildings.
Whilst it has been considered that the most favourable environmental option is often to retain existing 
building structures as far as possible from an embodied energy perspective (Smith 1998, p73), new 
construction clearly offers the greatest opportunity in the adoption of energy efficient design solutions 
(Sorrell, 2001). This opportunity arises since the building design can be taken back to its fundamentals, 
ensuring that its orientation, glazing characteristics, thermal mass, and insulants work together to deliver a 
basic low-energy structure. Buildings with historic or other importance, or buildings which are undergoing 
refurbishment should be renovated with due regard for energy efficiency, as their environmental significance 
is equal or greater than that of new buildings. This is due to the fact that their actual performance is likely to 
be weak against currently used techniques, and the fact that the built environment turns over relatively
slowly. This thesis examines the issues arising out of two refurbishment projects, and demonstrates the 
challenges and opportunities arising from this significant market sector.
The Processes
A wide range of building environmental assessment tools has been developed in order to address the 
environmental impacts of buildings and construction. These tools, developed on a world-wide basis broadly 
fall into three main categories:
1. Life cycle assessment tools which commonly focus on embodied environmental impacts of 
construction materials.
2. Whole building assessment tools covering the full range of environmental impacts from materials, to 
construction techniques, operation, site ecology, transport and demolition. A typical and well known 
whole building assessment would be BRE’s BREEAM assessment methodology.
3. Energy performance assessment tools examine the projected energy consumption of buildings at the 
design stage.
Each of these tools provides a different perspective on a building’s environmental credentials. Whole building 
environmental assessments such as BREEAM and GBtool (Cole, 1999) for example by their generic nature 
place insufficient weight upon energy related environmental impacts to initiate design modifications, whilst 
LCA based tools very rarely encompass the use phase of a building, and to date have dealt mainly with 
material related environmental parameters. These should not necessarily be interpreted as weaknesses in 
the tools and approaches themselves, but rather the fact that a combination of perspectives on building 
performance are required in order to achieve an environmentally acceptable solution in the long term.
Practical experience with some of the major architects in the UK during this research, would indicate that 
energy assessment tools where they are used at all, are currently not integrated into design development 
process. Energy consumption is not currently considered as one of the many actively managed parameters 
during the construction design process (Strachan et. al., 1999). The tools used to assess energy 
performance of buildings, of which a large variety exist in the marketplace, are either not used during the 
design of buildings, or are used at inappropriate stages to impart design and client influence.
Cost is still the key driver in shaping the built environment, and permeates all decisions made on building 
location, type, form, construction methods and materials. This does not necessarily pose a problem from an 
environmental perspective, but the problem lies with the current very narrow definition of cost: capital or up­
front costs, as opposed to whole-life or long-term costs. The relatively low current cost of energy is also not 
representative of the much broader external environmental costs involved in its consumption, in other words 
the producer does not pay. Speculative developers who are looking to quickly sell on buildings at profit are at 
present not interested in any features unless they will increase the saleability or letting potential of the 
property. Whether a high standard of energy efficiency is an important differentiator on the marketplace has 
yet to be fully tested, but experience from within Carillion would suggest that at present energy efficiency is 
not a key driver. Life cycle costing techniques are currently in an early stage of development, and are not
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typically used to inform the design process or client’s requirements. Life cycle costing, whilst being a widely 
accepted fundamental technique (Cole and Sterner, 2000) within the building community, has thus far failed 
to become a convincing decision making tool, with the possible exception of PFI contracts where life cycle 
risk remains with the contractor. This is partly to do with the problems with the technique itself, and the data 
upon which it relies, and partly due to the way in which the construction industry and construction contracts 
are organised. The latter describes the reluctance on the part of the client to accept operating costs in the 
same terms as capital costs.
Life cycle costing is fundamental to assessing energy efficiency options, such features are intrinsically 
associated with additional and avoided capital and operating costs as a result of deviating from typical 
practice. Without the support of a structured means of assessing energy efficiency options, the associated 
costs are commonly inflated by past experience or rules of thumb, and this is demonstrated using actual 
examples in the thesis.
This research has brought together the components of energy modelling and life cycle costing at a stage in 
the design process justified as being the most critical in terms of delivering energy efficiency. Working within 
the design’s “window of opportunity”, a defined period over which the major elements of the building can be 
influenced, means that the client can be offered more cost-effective energy efficiency solutions. This will also 
depend on fostering new avenues of dialogue with the client throughout the design development stage, the 
lack of which is an important barrier to energy efficiency in current design frameworks.
The, approach to life cycle costing in the Energy Toolkit significantly streamlines the application process to 
meet the specific needs of assessing energy efficiency strategies. The toolkit uses the “functional unit” 
concept from LCA to ensure that an objective and like comparison is made between low energy and 
reference options.
The Results
The Energy Toolkit, comprising of life cycle costing and energy assessment modules is brought together 
though a flexible application process. This process aims to be rigid in dictating the essential stages required 
to achieve efficiency aims, but at the same time not to stifle the creativity and autonomy of the design team. 
This procedure has been developed and tested through the design stages of 5 live construction projects 
under projects based on PFI contracts. These projects are considered important since the contracting 
consortium manage the design process from design inception, and secondly that the same consortium must 
also operate the structure over extended periods. Despite a number of shortcomings, the PFI procurement 
route presents a strong opportunity to demonstrate long term approaches to building design and their 
associated environmental cost and other benefits.
The results obtained on these trial projects demonstrate that with early consideration of basic building design 
parameters, substantial environmental and economic benefits are possible. Indeed in one project discussed 
in this thesis savings of over 40,000 tonnes were projected over a 25 year period for a capital cost increase 
of just £109,000. This example, whilst still some way from the absolute best possible performance available
from current techniques, is a telling demonstration of what could be achieved across a wide client base in the 
built sector. The avoided environmental burdens are the equivalent of each of the 1600 building occupants 
driving nearly 10,000 miles every year for 25 years. This is in contrast to the current paradigm of flagship 
“demonstration” projects, which from experience within a number of design teams would appear to have little 
effect on the way the majority of buildings are designed, if these approaches were adopted as typical 
building practice, substantial reductions in energy related environmental impacts could be achieved across 
many building sectors, from residential to commercial premises, and from new buildings to refurbishment 
projects. In order to achieve the 60% reduction in greenhouse gas emissions by 2050 put forward by the 
IPPC, the built environment should be looked upon to deliver a significant portion of those savings. 
Approaches such as those described in the Energy Toolkit will have to be widely embedded in everyday 
design and refurbishment practice, shifting the embedded attitudes, practices and prejudice within the 
industry before such savings can be realised. Many peripheral benefits can also be gained; including 
reduced operating and maintenance costs, improved residual values and improved staff satisfaction and 
morale.
The energy requirements for current and future buildings are set against a seemingly inexorable long-term 
predicted increase in the global use of energy, a global context in which over a quarter of the population still 
has no access to electricity (lEA, 2002). The projected increases in the use of primary energy of 1.7% per 
year from 2000 to 2030, will be equivalent to two thirds of the current demand (ibid, p i4). Such statistics 
make for concerning reading considering the implications for global emissions reduction targets, as fossil 
fuels are predicted to continue their dominant share of energy consumption. Many of the buildings, which will 
operate well into the 21st century, are either already in operation, on the drawing board, or in the planning 
stages. The vast majority of these buildings will not recognise the current energy efficiency agenda, and will 
deliver performance significantly below what could be achieved using cost effective and proven techniques. 
Just as the design process of individual buildings has a “window of opportunity” so does the response to 
climate change, and from that debate it is clear that “business as usual” is not an option. The construction 
industry and its clients will have to take note of this assertion, and although the weight of evidence to 
facilitate widespread change is increasing, whether this is a forced or voluntary revolution remains to be 
seen.
Guided Tour of the Thesis
Please see the attached pullout A3 sheet for an introduction to the contents of this thesis.
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Thesis Guided Toun Voiume 1
Chapter 5 describes the testing and validation of the Energy Toolkit on actual public sector 
construction projects. A residential campus development at the University of Hertfordshire, is 
discussed in detail, along with three other project applications which deal with specific building 
characteristics. The chapter describes the performance of the tool and the interaction with design 
team members, clients and other parties. Many interesting insights into the PFI process and project 
team/client interactions, revealed through the Energy Toolkit process are discussed in this section.
Chapter 6 brings together the lessons and experiences encountered through the application and 
testing process, and sets them in context of the energy efficiency debate. The ways in which these 
practical experiences have shaped the tool, and led to design modifications are considered, and the 
scope for further developments are highlighted. This chapter also outlines the implementation of the 
Toolkit within Carillion Building. The objective of this implementation was to introduce the process onto 
all Carillion design-build and PFI work, which has now been accomplished. The stages of 
implementation include the development of a reference manual, and training workshop for toolkit 
users. These trained users act as expert users in their respective regions and also act as the focal- 
point for information exchange.
Chapter 4 brings the arguments of chapters 1, 2 and 3 together presents a framework for 
approaching the issues. The requirements of the design process will be discussed, along 
with a full introduction to the Energy Toolkit procedure. The toolkit comprises an energy 
assessment tool, a life cycle costing application, and a supporting procedural framework. 
The component requirements for each of these modules of the tool are considered in 
detail. A general discussion of the formation of the procedure is given, and further 
guidance as to how practical application has shaped the tool and led to modifications will 
be given in chapter 4, and further in chapter 6. It will describe the requirements of a 
building energy assessment tool, and the testing of suitable applications.
Chapter 3 focuses on the currently available methods used to assess the environmental 
performance of buildings. It is demonstrated that the generic approaches to 
environmental performance, for example the BREEAM methodology, cannot address or 
drive those issues which are crucial to the delivery of energy efficient buildings, 
particularly during their design. These more holistic assessment tools have other 
complimentary purposes. An independent environmental tool for assessing building 
energy performance, complementary to more holistic approaches is argued to be an 
essential concept in improving the use-phase environmental performance of buildings.
Chapter 2 begins with an examination of the design process as the pivotal life-cycle stage in the 
realisation of energy efficient buildings. Barriers to energy efficiency go much further than problems 
with the structure of the design process itself, however it is during this period from project inception to 
practical completion and hand-over, where the many of the barriers manifest themselves. The chapter 
describes these barriers, acting as a framework for proposing the response outlined in chapter 4
f
<0
&
Chapter 1 The Energy Toolkit addresses an important part of a much wider debate on both energy 
efficiency and the environmental performance of the construction industry. The chapter examines the 
results and findings of this research set against the UK and EU government responses to building 
energy efficiency, and the theoretical interpretations of the "barriers" debate.
Chapter 8 summarises the key issues in the thesis and will widen the 
debate to encompass the wider notion of the central importance of 
construction and buildings to sustainable development. The conclusion will 
reflect on what achievements can be m ade through the application of 
procedures like the energy toolkit, and what alternative policy based 
responses could be used to improve the efficiency of the building stock.
In Volum e 2:
The EngD process requires a regular biannual progress 
report throughout the registration period. Copies of these 
reports can be found in volume 2 of the thesis. The text in 
Volume 1 will refer to specific documents in Volume 2 
where necessary.
Chapter 1 of the thesis profiles the context for the research, demonstrating the environmental 
significance of energy efficient building operation, and its importance on a national and international 
scale. The factors affecting energy consumption in buildings, currently demonstrating an upward trend 
are discussed along with outlines of how these might be controlled and reduced. The methods by 
which clients procure their buildings has a large impact upon the potential status of energy issues 
within the design process. The Private Finance Initiative is introduced as a procurement route in which 
to develop new procedures to address energy efficiency across a wide range of potential projects and 
sectors. In calling for improved energy efficiency, financial parameters will always have a high priority 
with clients and developers, and in particular life cycle costs, such that long-term operative savings 
can be considered. Life cycle costing techniques are an important element of this research.
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Chapter 1 : Construction and Environment in Context
1.1 Prologue
One of the greatest challenges of the 21®* century will be to find more environmentally acceptable ways of 
living whilst still maintaining economic growth. Indeed, the debate surrounding the compatibility of these two 
societal characteristics, whether one can exist alongside the other, is still beyond resolution. For decades 
economic growth has been seen as a principal indicator of a healthy society, and only comparatively recently 
has society begun to wake up to the environmental and wider social impacts of this growth. There is now 
rather more urgency from government, industry and the public at large to develop the means to satisfy 
society’s present needs without compromising the ability of future generations to meet theirs (Brundtland 
1987). Sustainable development has become a widely used term over recent years, an overarching notion 
for the majority of environmental discourse, framed by the capacity of the earth to sustain human life. 
However, visualising a sustainable society and understanding the steps required to achieve it on a local, 
national and global scale is proving to be an elusive and challenging task.
At both ends of the economic spectrum throughout the world, immense pressure is being put on the 
environment, although great imbalances exist between the lifestyles and expectations of those with access 
to resources and those without. The wealthiest nations use the greatest quantity of energy per capita, 
resulting in the emission of detrimental substances. People in the poorest countries put pressure on the 
environment in other ways, destroying ground cover in the search for fuel and new pasture, or using 
inefficient industrial plant out of necessity. It has been argued that if the entire population of the earth were to 
consume resources at the same rate as those in the developed world, three “earth globes” on average would 
be required to satisfy that consumption (Weizsacker et. al. 1997). In terms of energy consumption the 
number of planets required to sustain a UK level of consumption on a global scale would be in excess of six.
The WWF Living Planet Report (Loh, 2000) suggests that the state of the world’s natural ecosystems has 
declined by about 33% over the last 30 years, and that the ecological pressure of humanity on the earth has 
increased by about 50% over the same period. Such information is an example of the mounting evidence to 
suggest the highly significant impact that human activity is having on the global environment. The same 
study suggests that in terms of land quality and availability we exceeded the capacity of the earth over 30 
years ago. The concern is less about the natural integrity of the earth, but rather the ability of the earth to 
sustain human life; the earth “does recover...but over time scales of 10 million years or so. Nowhere near 
fast enough to make any difference to our future, or that of our children, grand children, great­
grandchildren...” (The Natural Step, 2001, p4)
As the realities of resource depletion, increasing land use, and environmental pollution become more 
evident, it can be anticipated that the depth and pressure of public concern on such issues will translate into 
a greater environmental responsibility. The construction industry as with other sectors will have to take on 
board these concerns and develop more environmentally acceptable means of working and thereby creating 
products which contribute to a more sustainable lifestyle. The construction industry is characterised by the 
vast scale of the environmental impacts involved throughout the life cycle of its built product, and their 
potentially extended life spans, the legacy of today’s decisions is particularly long here. There are also a
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/vide range of actors involved in determining the location, form, function, aesthetic, and other building 
parameters each of which has an impact on the environmental performance of the product.
n the UK and much of the developed world, the built environment is the principal framework around which 
society functions, and it exhibits some very weak environmental credentials. Minimising environmental 
mpact is one of the largest challenges facing the construction industry, for a long time outside the 
snvironmental debate, the industry is now seen as one of the key elements of more environmentally 
sustainable society (Curwell and Cooper, 1998). Living and working in one of the most urbanised countries in 
the world means that buildings and construction will need to be one of the cornerstones of the UK’s vision of 
3 more environmentally acceptable lifestyle: part of the solution, not part of the problem. Buildings have a 
potentially very long life span, in excess of human generations, in contrast however the thought processes 
behind their creation which to a large extent dictate their “cradle to grave” environmental performance are 
often very short-term.
Material Extraction Processing Transport Construction Operation Demolition
Figure 1.1: The Environmental Life Cycle of the Buildings and Construction Products
The environmental impacts of the construction process occur over an extended time scale from the 
extraction and processing of raw materials through the construction process and building operation through 
refurbishment cycles, to the eventual demolition of the structure at the end of its operative life, (see Figure 
1.1) Life cycle assessment (LCA) research has shown that it is during the operational life of buildings where 
the most significant environmental impacts occur (Eaton & Amato, 1998, Smith et. al. 1995). UK buildings 
are considered to be some of the least efficient in Europe (EIBI, 2000), and are responsible for almost half of 
national energy consumption and CO2 emissions (Parrot, 1998). Despite the extensive collective knowledge 
within the industry concerning energy efficient buildings, and a small but dedicated group of seemingly 
successful landmark “green” buildings, both new and existing developments are significantly less energy 
efficient than current technology permits. The rift between current typical performance and best available 
techniques represents a substantial additional environmental burden, but the opportunities to reduce this 
burden are equally substantial.
The construction industry places a highly significant burden on the global environment, from extracting vast 
quantities of raw materials to the increasing green field “land take”. Construction is one of the few industries 
in which the public are spectators throughout production process. The visibility of construction activities has 
a bearing on their perceived environmental impact (see figure 1.2), it is however the less tangible and less 
visible aspects of the built environment which carry the greatest environmental burden: "in-use energy" 
(Parrott, 1998) (Smith, 1998) (Eaton and Amato 1998).
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Figure 1.2: Visible and invisible environmental impacts of the construction process (Horsley, 1998)
This is not to suggest that some of the more visible environmental impacts are not significant, for example 
the construction industry in the UK consumes 350 million tonnes of primary aggregates annually, and 
produces 70 million tonnes of waste each year, almost 50% of the national totals (DETR, 1998b). The vast 
majority of this waste is landfilled, or used in low level local “re-use” applications such as landscaping. 
Furthermore the construction materials business is responsible for nearly 10% of national energy 
consumption itself. (Connaughton, 1990) Cement alone for instance accounts for over one third of the global 
production of non-energetic materials, and is consumed at a rate of nearly 600kg per person per year in the 
EU and in significantly increased quantities in some other parts of the world (FoE, 1995).
However, when it is considered that buildings are responsible for nearly 50% of the UK’s energy 
consumption (Parrott, 1998) (DETR, 1998b), it becomes clear that not only is this one of the most significant 
environmental impacts of contemporary society, but also a significant risk to operators of buildings who will 
face significantly higher fuel prices in the future as governments attempt to curb profligate energy use. As a 
finite resource, energy prices over the life cycles of buildings will inevitably show an upward trend over time.
Making vast improvements in the energy efficiency of buildings is well within our reach, and these buildings 
are likely not only to be substantially cheaper and more reliable in their operation, but also occupants should, 
according to an increasing body of evidence, find these buildings more productive and fulfilling places, 
maintaining health, and improving productivity. In studying some of the most well respected landmark
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“green” buildings in the UK such as the Wessex Water headquarters in Bath, one always asks why such an 
approach to design is not normal practice. These buildings are however far from standard practice, and there 
is evidence to suggest that buildings are consuming increasing amounts of energy in their operation.
There are a number of well-known and less well-known barriers in the construction Industry to achieving a 
more pragmatic approach to energy issues in the built environment. Some of these issues constitute a 
vested interest in doing things inefficiently, whilst others are more innocently rooted in a lack of 
understanding and time during key parts of the construction project development process.
This thesis suggests that the sort of thought processes which shape the few landmark green buildings can 
be successfully and seamlessly integrated into the mainstream construction design process. It will 
demonstrate the pivotal influence of the early design process in determining the future operative energy 
performance of buildings, and further demonstrate the substantial environmental and economic benefits 
which arise when this early design influence is achieved. This approach will be demonstrated through a fully 
developed and repeatable design procedure, which is currently operational within a major UK building 
contractor.
In contrast to the relatively short-term thinking apparent on typical traditionally procured developer-led 
construction projects, this research uses the relatively recent Government procurement concept of PFI 
(Private Finance Initiative) as a demonstration platform highlighting what could be achieved across a wider 
marketplace. PFI is one of a number of developing procurement routes, which adds a longer-term emphasis 
upon building performance and product ownership. PFI is one of the longer established modes of such 
procurement, but since the commencement of this work, others have emerged; such as MOD prime 
contracting (explained in chapter 3). In essence PFI involves a unified consortium designing, building and 
then operating the building for an extended period of time to provide a public service. Notwithstanding the 
recent sensitivities, PFI type contracts are set to become more popular as a means of upgrading public 
service infrastructure without adversely affecting the Government balance sheet. PFI-type contracts are not 
only for the private sector, market testing is currently being undertaken in order that similar packages can be 
offered to the private sector, these are being sold as a complete one-stop solution to building services. The 
PFI procurement process encompasses many different building types from traditional office developments, 
through the residential sector (eg: social housing, military accommodation and university accommodation) 
and the institutional/health sectors.
The aim of this research has been the development of a widely applicable design procedure to raise the 
profile of energy related issues within construction projects, and also to influence the actions of clients and 
other actors in realising and specifying new buildings and refurbishment programmes. A number of design 
tools and assessment techniques have arisen over the past few years which aim to assist in achieving a 
more sustainable design and specification of buildings. Chapter 2 will examine this range of techniques from 
around the world in the context of the discussion below, and will demonstrate that many of these tools are 
unable to reverse the concerning trend in building energy efficiency, although in many instances they were 
not intended to do so. The remainder of this chapter will add more insight into the building energy efficiency
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debate, will discuss the role of life cycle costing techniques within this debate, and will introduce some of the 
tools and techniques currently being used to address the environmental performance of the built sector.
1.2 Building Energy Efficiency In Context
Building energy efficiency is one of the most significant environmental impacts of the built environment. As 
discussed previously in this chapter, it is widely accepted that the majority of buildings consume energy 
resources inefficiently, although the environmental significance of this waste is often less widely appreciated.
“Vast sums are wasted in heating and cooling buildings, and huge amounts of energy and materials 
are squandered in making large, impressive glass-clad skyscrapers which tell us little except that we 
have the power to do these things. We have after all, the power to go to the moon, yet few of us 
have actually been” (Smith, Whitelegg and Williams. 1998, p35)
“It is depressing to have to admit that fully air conditioned, glass clad buildings are still being
erected from Australia to the gulf, and from the Arctic to Singapore. It may not seem very important 
to our daily lives that for instance the Antarctic ice cap is melting at an increasing rate and that 
flowering plants are creeping ever northwards in Spitzbergen, but these and many other phenomena 
confirm the reality of global warming which will have a quite radical effect on the life of the whole 
planet if it continues to accelerate in such a fashion. Before the end of the working life of some of the 
glass towers now being built, their feet could be washed by the waves of the seas that their 
excessive use of energy has helped to raise” (Architectural Review, 1995, p4)
Examining the significance of the energy consumption buildings against national energy use demonstrates 
the environmental significance of this profligate use of energy. The work of Parrot (1998) in figure 1.3 
demonstrates the scale of these impacts, and how the more tangible environmental ills such as that of 
transport, pale into relative insignificance against the collective built environment. The division of residential 
and non-residential operational energy use in the figure below is an approximate 50/50 split (Pout et. al.
1999).
It is Increasingly apparent from what we build, that increasing isolation from the external environment is 
sought. The majority of offices for example are artificially heated, cooled and lit. When set in this context, the 
figures discussed in Figure 1.3 become more tangible. As a general rule buildings as products may have 
some weak environmental credentials, and burdens may be large, but then so too are the opportunities for 
making improvements. Some of the most readily accessible means of reducing greenhouse gas emissions 
lie within the built sector, as will be discussed throughout this thesis.
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Indicator UK Totals Construction
Materials
Construction
Process
Buildings in 
Use
Transport Other
Sources
Final Energy PJ 6283 386 54 2791 1676 1376
% (100) (6.1) (0.9) (44.4) (26.7) (21.9)
CO2 Mt 548 37 4 226 145 136
% (100) (6.8) (0,8) (41.2) (26.4) (24.8)
Energy Use by Sector
c Construction Materials
c Construction Process 
Buildings in Use
□ Transport
□ Other
Figure 1.3: Construction related contributions to national energy consumption and CO2 emissions in the UK. 
(Adapted from Parrot 1998, p4)
Examining energy consumption on a national scale demonstrates the significance of building energy 
performance, and examining environmental impact of single buildings in more detail proves no less 
revealing. Studies by Smith et. al. (1997) suggest that in the whole life of residential development, one single 
element is responsible for over 80% of the environmental impact: energy for space heating (see Figure 1.4). 
This demonstrates that it is not only commercial buildings that are inefficient in their use of energy.
88.6%
Construction and Major Repairs
□  Transport of Materials
□  Energy for Space Heating
□  Disposal
Figure 1.4: Relative life cycle environmental impacts of a single unit dwelling. (Smith, 1997)
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Studies of this detail in office and commercial buildings are few, however a detailed life cycle study of steel 
and concrete framed office buildings by the Steel Construction Institute in 1998 suggests that the findings of 
Smith’s 1997 study also hold true for office buildings. This study concluded, "It is immediately apparent 
that...embodied energy and CO2 are completely insignificant when viewed in context of their scale relative to 
the total life cycle values." (Eaton & Amato, 1998, p29)
It has often been recognised that the actual performance of buildings, both new and existing is only a fraction 
Df that which is permitted through available technologies (Hawken et. al, 1999). The constraints therefore are 
not technical, but sociological, socio-economic and socio-technlcal. For example it is considered by Hawken 
st.al. (1999) that if currently available approaches were universally and appropriately applied, energy 
consumption in buildings could be reduced by some 95% without the requirement for significant building use 
or behavioural changes. This notion has been demonstrated in extreme conditions at the Rocky Mountain 
Institute, Colorado USA, a building in which it is possible to grow bananas all year round above the snow 
line, whilst still using over 90% less energy than a typical office building. The building was both cheaper to 
construct and run than a more conventional design. The obvious question arises: if this is possible why aren’t 
all buildings designed in this way?
It is interesting to note that the technical potential of building energy efficiency is progressing at a 
significantly faster rate than the market for these technologies. As buildings are consuming more energy year 
on year, the between technical potential and actual performance is increasing from both fronts, suggesting 
that something is very wrong in the delivery chain of building projects. Raising the profile of energy issues in 
construction activities has been a well-documented research effort around the world since the OPEC oil 
crisis of the early 1970s which sparked fears as to the future prices of energy, and the longevity of fuel 
reserves. Those fears subsequently subsided, and with them the profile of energy issues in the building 
debate. The current re-awakened concerns are rather different, and stem from the rate at which energy and 
other resources are being consumed, and the impact that this rate of consumption is having on the 
environment.
It is hardly surprising that buildings pose such a significant impact on our environment, since in the 
developed world, almost 90% of our time is spent in them (Papanek, 1995). In adopting the present-day 
energy efficiency standards, the built environment has significant inertia, and in order to deliver a significant 
improvement in energy performance for the built sector, both new and existing buildings must be considered. 
This inertia stems from two factors, firstly the UK Building Regulations Part L which prescribes the minimum 
standards for all aspects of buildings related to the conservation of fuel and power are reviewed on an 
infrequent basis. The current revision being worked to is a 1995 edition, and the next revision is due 
imminently. Secondly the very long life of building products means that the legacy of these standards last for 
many years to come. It is the design intent that buildings being planned and constructed today will still be in 
operation by the year 2050. The IPCC has suggested that by this time, CO2 emissions and the basket of 
other greenhouse gasses will have to be reduced by 60% simply to stabilise climate change (Houghton et. al
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1990). In anticipating emissions reductions on this scale, the current trends in energy consumption and the 
way in which buildings are currently being conceived is clearly concerning.
It should be recognised that new buildings, through their designers carry a more significant burden of 
responsibility since they must reflect society’s increasing demand for more environmentally acceptable 
modes of living, and are able to deliver a greater level of economically and environmentally effective savings. 
New buildings are also likely to bypass potential problems arising from listed status and heritage issues that 
may otherwise constrain the performance of existing structures during refurbishment. Considering the fact 
that the built environment continues to grow year on year, the performance of buildings as a whole will need 
to continually improve simply for national energy consumption to remain stable. Evidence at the moment is 
less than encouraging with the latest figures suggesting that in the UK, not only total floor area is increasing, 
but also consumption per unit area (EIBI 2000) (Scrase, 2001).
In terms of how energy is used in buildings, across all sectors well over two-thirds of energy is consumed by 
the services of the building which maintain a constant environment (Heating/Lighting/Cooling). In their Probe 
survey Bordass et. al. (2001, p i 17) made the following observation about energy consumption: “On a 
building average, 71% of CO2 emissions arose from normal building services”. Appliances (typically plug 
loads) represent a much smaller impact than might be expected, and even in highly IT intensive 
telecommunications headquarters for example, the major impact of IT equipment is the increase in cooling 
loads rather than the energy the equipment consumes directly.
Connaughton (1990) challenges the notion that energy performance of buildings represents their most 
significant life cycle environmental impact. In putting forward the case of the retail sector, Connaughton 
demonstrates that increasingly frequent refurbishment programmes in order to maintain corporate identity 
and market share makes materials and their associated embodied energy as the most significant energy 
related impact of the built sector. This is an important observation, but the case of the retail sector seems to 
be an isolated example in which refits are conducted on far more frequent scales, typically in the order of 4- 
years than would be typical in any other sector (in excess of 8 years). The materials required for commercial 
refits are high quality to reflect the image of the brand, and are replaced on far more regular intervals than 
their quality would otherwise require. Obsolescence is a key parameter in assessing the performance of 
building systems. It refers to the point in a building’s life when the performance, structure aesthetics or 
location or other parameters are no longer suitable to meet the functional requirements of the user. At this 
point the building would either undergo refurbishment and alteration or be demolished. The factors which 
determine obsolescence in building systems are very infrequently related to structural matters (i.e.: the 
building is structurally unsound), and far more frequently related to lack of functional adaptability or aesthetic 
reasons.
Viljoen (1996) challenges the conflict between operational and embodied energy by suggesting that there 
may be a positive linear correlation between operational energy and total primary energy, using examples 
from the residential sector. It is recognised that material choices during design have a significant impact on 
embodied energy, and that “zero energy” dwellings will incorporate many embodied “investments” in energy 
in order to reduce operational energy. Studying options surrounding two well known low energy homes, one
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in Oxford and the other in Suffolk Viljoen discovered that the year on year the annualised 
embodied/operational energy impact and the annual operational energy have a positive linear correlation. 
This in turn suggests that the total energy impacts of low (operational) energy buildings, are less than those 
of more conventional approaches, low energy buildings do stack up in whole life environmental terms.
In Smith’s 1997 study outlined on the previous page, it was suggested that the energy for space heating 
could be reduced by up to 75% with careful consideration of “ecological design changes in building 
specification”. There are some remarkable examples of energy efficient design, one of the most striking is 
that of the previously highlighted Rocky Mountain Institute in Colorado. Despite its location, a mountainside 
at an elevation of 2165m, where winter temperatures can fall as low as -40°C; the building heating supply is 
almost solely from its occupants and the sun. The only other source of heat are two wood fired burners 
which very occasionally need lighting, and account for less than 1% of the total heating requirements. Such 
exceptional thermal performance is achieved through super-insulation to the floor walls and roof, double 
glazed windows are argon filled to reduce heat loss. It has been estimated that the building uses only 10% of 
the energy of a more traditionally conceived design. Savings of 99% on space heating and water costs, and 
90% of the domestic energy requirement are thought to have at least offset the additional costs of 
construction, although an indication of exactly when the “payback” occurred is not given (Weizsacker et. al. 
1997).
Such idealistic examples are a long way from the realities of building procurement in the UK, and research 
has suggested that the acceptance of energy efficient environmentally oriented design across Europe is at 
its lowest in the UK. Despite the inefficiencies inherited from their past Eastern European countries for 
example fare much better in this area than may be expected, much use is made of traditional methods and 
local materials, and at the same time “quite considerable attention is paid to the environment when 
constructing new buildings” (Van Hal and Dulski, 1998, p i08). There is also evidence to suggest that the 
thermal efficiency of new buildings in Bosnia is superior to that of the UK (Clift, 2001).
Energy consumption in non-domestic buildings varies over a range of about tenfold, but there is “no 
evidence to suggest that there is a positive correlation between user satisfaction and productivity and this 
energy use”. (Baker 1995, p246). However more recent studies conducted by the Fit Buildings Network 
(FBnet) using their unique approach to occupant satisfaction issues (Occupant Likeness Score, OLS) 
suggests a distinct positive correlation between energy efficiency and occupant satisfaction (Ure, 2001). The 
conclusion of studies such as these is that building energy performance is clearly a factor in occupant 
satisfaction, particularly considering the typically favoured passive lighting and ventilation such designs may 
feature.
The energy performance of a building represents the summation of three factors, the building design, the 
services and systems design and efficiency, ai)d the behaviour of the building’s occupants. Whilst it may be 
considered that these variables are closely related, it is surprising to note the level of autonomy in these 
variables, and the personnel who control them, during design. The fact that the building design and its
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services are not considered as an integrated unit in maintaining the desired internal environment is one of 
the reasons why building energy performance is falling so far short of its technical potential. An insight into 
this is given during the practical application phase of the thesis in chapter X.
The variables in building energy performance are captured in Figure 1.5 below:
Services DesignBuilding Design . %
Choice of HVAC, Natural 
Ventilation, Heating 
Systems, Artificial 
Lighting.
Occupancy and Vacation 
Patterns, Employee 
Awareness and Training.
Building form. 
Orientation, Location, 
Characteristics of 
Building Fabric (u-value). 
Atria Dimensions.
Figure 1.5: The 3 major factors contributing to the energy performance of Buildings. (Horsley, 1999b)
Building energy efficiency begins with the design of the building itself, the U-values (thermal transmissivity) of 
the walls, floor, roof and the plan of the building (a deep plan will result in greater demand for artificial 
heating and lighting) are just two examples of such design considerations. The building design will formulate 
a demand for a particular type of service design to maintain the necessary internal conditions. The demand 
for energy will depend upon the efficiencies of these systems in meeting these requirements. Finally there is 
the occupant behaviour factor, which results from the occupants and/or facilities managers operating these 
systems in a less than optimum manner, such as leaving lights switched on, having temperatures set too 
high, and heating unoccupied rooms. Good building maintenance and management, as with appropriate 
occupant behaviour is essential in realising the benefits inherent in optimised building and services design.
The relative contribution of each of these factors to overall building energy performance was considered by 
Baker (1995) who studied a number of office buildings and attempted to isolate the contribution of building 
and occupant related factors. Baker argues that a building with inherently good environmental performance, 
but being equipped with poor services design and management may use more energy than a poorly 
conceived building with efficient well managed services. In comparing a fully air-conditioned glass-clad 
“horror story” with a naturally ventilated and lit building with an atrium Baker concluded that:
a) If systems and occupant factors are fixed, the range of energy use is likely to be upwards of 2.5 times.
b) If system parameters such as lighting loads and ventilation rates are allowed to range over plausible 
values the energy consumption range increases to 5 times.
c) Inappropriate occupant behaviour can lead to over twice the required energy being consumed as 
necessary.
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Baker suggests that it is somewhat disappointing to an advocate of energy efficient design that the building 
factors amount to little more than half the total of the system and occupant factors. However the building 
factors are the most difficult to change, they are essentially fixed for the life of the building, should these 
factors require adjustment, then major remodelling of the building or even demolition may be required. It can 
be argued that the systems of the building can be changed by retrofitting more efficient plant, reflecting 
technological development. Similarly, the behaviour of the building’s occupants can be developed through 
training and awareness building.
Whether the three energy performance factors identified in figure 1.5 can be considered independent is open 
to debate. The design of the building has been found to have a profound effect on the behaviour of its 
occupants (Standeven et. al. 1998). This phenomenon has been noted as long ago as 1971 by Humphreys, 
who suggested that greater isolation from the external environment (i.e. higher levels of artificial heating and 
lighting) leads to a less tolerant occupant in terms of fluctuating heating and lighting levels.-There is also an 
interaction between the inherent characteristics of the building, and the performance of the systems, a 
building with low ceilings and lightweight (low mass) construction for example will place greater demands on 
the heating and ventilaUoii systems than those with heavyweight construction, and greater room height to 
depth ratio. This complex interlinkage of factors supports the notion that the design stage is the crucial stage 
in the design of an energy efficient building, other factors influence the final performance, but scope for 
influencing these factors is clearly at its greatest here.
At the Earth Summit in Rio in 1992, the UK and other developed nations agreed a voluntary target to 
implement measures aimed at returning their emissions of carbon dioxide and other greenhouse gases to 
1990 levels by the year 2000 under the Framework Convention on Climate Change. At Kyoto in December 
1997 the 174 parties involved drew up a new protocol to reduce their emissions of a “basket” of six principal 
man-made greenhouse gases to 5.2% below 1990 levels over the period 2008-2012. In contrast to 1992, this 
target would eventually form a legally binding commitment. The target covers a basket of six greenhouse 
gases (carbon dioxide, methane, nitrous oxide, hydrofluorocarbons, perfluorocarbons and sulphur 
hexafluoride), each weighted for their relative global warming impact. (DETR 1998)
Real progress towards meeting the Kyoto commitments in the UK will be masked somewhat by the CO2 
reductions surrounding the widespread switch from coal to gas as a primary source of electricity generation. 
During the period 1990-1997 emissions of the basket of 6 greenhouse gasses fell by 9%. The protocol 
requires average emissions over the period 2008-2012 to be reduced by 12.5% (DETR, 1998). Despite this, 
the Government have made a manifesto commitment to 20% (Labour Party, 2001), and scientists involved in 
the Inter-Governmental Panel on Climate Change suggest that a 60% reduction is required simply to 
stabilise climate change (Houghton et al, 1990, pxvii). The fact that buildings are responsible for around 50% 
of the CO2 emissions in the UK suggests that the built environment is on the verge of either a forced or 
voluntary revolution in terms of its consideration of energy efficiency and building life cycles. It is unfortunate
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that today’s reality gives little indication or encouragement to adopt full life cycle perspectives in the design 
and procurement of new buildings.
Considering the significance of the environmental burdens of building operation, and the fact that "a typical 
office building will consume about 3 times its initial capital cost over a 25 year period" (Cook, 1997, p82), one 
might expect this to be an issue taken seriously when specifying a new building. This situation depends upon 
the route by which the building is procured. Property developers looking to sell the building on for example, 
or rent the space present the following argument:
"Current legislation puts little emphasis on producing a building which is either energy efficient 
or which reduces its negative impact on the environment. Incorporating energy efficient 
practices can only be given priority if they either increase letting potential or reduce capital cost.
If neither of these apply, there is no incentive for the developer to produce an energy efficient 
building as it will neither improve the relationship with the customer, nor directly increase profits" 
(Monaghan and Hobbs 1995, p29)
This supports the notion that clients are principally driven by capital costs, and see energy saving and other 
environmentally oriented measures only in the context of their short-term benefits. This is also supported by 
anecdotal evidence from all regions of Carillion Building, where it is suggested that only the most enlightened 
clients are currently prepared to invest additional ^apital in low energy design. A characteristic of recent 
contracts however suggests that the relative importance of environmental aspects amongst clients is shifting, 
albeit slowly. Another important factor is the cHents are not currently being informed sufficiently well as to the 
potential benefits on their particular projects. Client’s current viewpoint is formed mainly on either past 
experience or generic guidance such as that produced by BRECSU (BRE Energy Conservation Unit which 
runs the Government’s Energy Efficiency Best Practice Programme) which has proved to be generally 
ineffective in generating project specific enthusiasm and action.
Despite the huge significance of building energy consumption in UK greenhouse gas emission targets, it is 
concerning to note that across all building sectors consumption is rising rather than falling. This is particularly 
apparent in the non-domestic building sector where an increase in total area, and an increase in 
consumption per unit area year on year demonstrates the concerning trend which could jeopardise the UK’s 
Kyoto protocol commitments. For a third year running the UK’s greenhouse gas emissions have failed to 
indicate a reduction. Commercial energy consumption has, since the 1970s increased at a rate some 3 times 
faster than that of domestic energy consumption (Scrase, 2000) (DTI, 1997), and total consumption in the 
sector is expected to continue its increase faster than any sector other than transport. Scrase notes a 65% 
increase in final energy consumption from 1973 to 1996, while over the same period public sector services 
increased by only 1% in this period. Due to a “heavy dependence on electricity for air conditioning, lighting, 
IT equipment, and space heating the sector is an inefficient energy consumer in terms of natural resources” 
(Scrase, 2000). This tends to give a false impression of the public sector being comparatively energy 
efficient, despite the fact that publicly owned buildings such as schools and hospitals are amongst the most
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significant energy consumers per unit area in the UK (Pout et. al. 1998), most of which lag a long way behind 
current standards in terms of their energy efficiency.
Dne of the potentially most important UK Government responses to the challenge of building energy 
afficiency has been through a review of the Building Regulations Part L, which deals with all issues 
surrounding the conservation of fuel and power. The Government issued a consultation paper and draft 
proposals in summer 2000 (DETR, 2000). The initial proposals includecLa_progressive_reductionJnjy}(^ 
minimum standardsjpr thermal performance of external elements (roof, floor, glazing, doors, walls). Reaction 
from the housebuilding industry was rapid and negative, claiming that such increases could add as much as 
El000 to the cost of a new home (Cook, 1999). Without appearing to acknowledge the obvious potential for 
reduced running costs, the housebuilding lobby appear to have been successful in achieving a relaxation of 
these proposed measures throughout the whole of the built sector.
When the initial proposals were announced in early 1999 the housebuilding industry were quick to comment 
on the proposed tightening of the regulations. Reported in the trade journal. Building magazine (Cook 1999, 
p12), Martin Stamp, chief architect at Britains biggest house builder Wimpey, welcomed the inclusion of 
existing building stock in the proposed revisions claiming that “this will show new housing in a good light and 
will take the pressure off us”. However he was concerned at the proposed increase in insulation and
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proposed air tightness tests, which would mean on-site pressure testing of all new properties using a 
portable fan. The combination of these approaches it was suggested could add up to £1300 onto the price of 
a new home. An insight into the cost and benefit of such proposals is given later in the thesis when a 
University Residential Complex is examined during its design.
In 2001, following the consultation process on Part L of the Building Regulations, Nick Raynsford, 
construction minister stated that the original proposals would “cause an undue burden on^builders and 
materials suppliers”. In a reaction captured in EIBI magazine (EIBI, 2001) Andrew Warren of the Association 
for the Conservation of Energy observes “It does send a curious signal when those sectors of the industry 
that respond positively to government proposals get kicked in the teeth”. Stephen Tindale, Policy Director for 
Greenpeace in the same article summed up the reaction by accusing parts of the housebuilding industry of 
“disgraceful lobbying”. He went on to urge ministers to “stand up against vested interests who do not 
represent the public interest”. Although new approaches to energy efficiency should not always rely on the 
Building Regulations to enforce standards, it would have been beneficial to realign the practices of 
component suppliers, and to make it more straightforward to seek energy efficient equipment and 
components.
Alternative visions of a sustainable and efficient built environment have been presented by Bill Punster, the 
architect responsible for the BedZed (Beddington Zero Energy Development) who believes that the most 
sustainable way to build is high rise. A second phase of zero energy developments, termed “flower towers”, 
part of a zero energy mixed use development unit, are currently undergoing outline planning consent for a 
number of sites around the UK, including a development as part of the East Birmingham regeneration 
project. This is interesting considering the inherent problems experienced by regional councils in maintaining
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ligh rise structures, and the relatively short life of these structures considering the difficulties experienced by 
ocal authorities in maintaining them both in a physical sense, but also in a social sense.
1.3 Life Cycle Costing and Energy Efficiency: A Synergistic Relationship
It is a well-accepted fact that cost is a primary shaper of the built environment. Cost issues can be seen to be 
at odds with those of energy efficiency, since energy efficient systems jn ^  direct like for like comparison 
generally cost more to install, unless the mechanical equipment can be eliminated by passive design. What 
s interesting is that the concept of cost in the built environment is constrained by the very same short-term 
attitudes that compromise energy efficiency. This means that capital costs are dominant, the cost of 
assembling the building components on site, but not operating them or maintaining them. The dominance of 
capital cost in the marketplace stems from a number of issues, most notably that speculative developers 
commission the majority of commercial buildings in the UK with little interest in the long-term performance of 
the building. Similarly house builders who bear the brunt of much criticism in this area would appear to be 
content in the fact that new homes built to minimum standards perform much better in this respect than their 
older counterparts.
The notion of comparing costs over time as a basis for design decision-making, rather than comparing initial 
or capital costs is not new. The basic concept is straightforward, and the benefits to building owners are 
indisputable, but potential for reduced life cycle costs is often lost in favour of more easily identified and 
assessed savings which appear to accrue from reduced capital costs. The desire to drive down capital cost 
without an adequate handle on its life cycle implications can have an adverse effect on operating costs, and 
such implications are infrequently analysed and presented. This occurs in a response to a number of factors, 
most obviously as outlined previously due to the relationship between a developer and a tenant. However 
there are other influences, for example when a project is for a public client such as a government department 
for reasons of public accountability, the “best value” outcome might be the building which appears to 
represent greater material value for money. Consider the attitude of the building press and public to the new 
Portcullis house development for MPs. The critique of this building, notwithstanding its extravagant detailing, 
commonly fails to highlight that the design life of this building is over three times that of a more typical 
building against which it is compared.
It is somewhat of an obvious point to state that energy efficient buildings cost less to run than, more 
conventionally conceived premises, which goes some way to offsetting the possibility of increased build 
costs. Furthermore in a commercial building, the cost of acquiring and maintaining a building is likely to pale 
into insignificance compared to the cost of acquiring and maintaining the staff with which to run a business. 
Considering the increasing evidence to suggest that passive, naturally lit and ventilated spaces are both 
more satisfying and more productive, the chances of both getting value from, and retaining the best staff 
would appear to be at their greatest in a low energy, low life cycle cost building. Even when clients 
commission buildings for their own requirements, it is often the case that their business planning in some 
instances, on short time horizons of up to five years might be too tight to allow the operational savings to 
manifest themselves on the balance sheet.
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Life cycle costing (LCC) for buildings developed from a realisation as early as the 1930s that a building’s 
running and maintenance costs impact significantly on the operator’s budget. From this spawned the 
understanding that the “lowest cost” system of selection was not always the “cheapest” solution over the 
lifetime of the building. This realisation, captured by P. A Stone (1966) of the Building Research Station (now 
ORE), did not prevent the erection of the suburban tower-blocks, which seemed such a convenient and 
economical solution in the 60s, but have subsequently caused severe financial difficulties for the owners and 
frequently “living hell” (Smith et. al. 1998, p73) for their occupiers. The benefits of a life cycle cost approach 
to building design have been known for many years and yet the concept is paid only lip-service in many 
building projects.
Life cycle costing (LCC) is a method of economic analysis that allows a mixture of capital and running costs 
to be considered together in the design and planning of a new building. When considering a complex product 
such as a building, assessing the total costs of building designs over their life cycle can be difficult to 
reconcile. Various methodologies and terminologies exist in LCC, dependent upon the use to which the data 
is being put. The approach has been plagued with difficulties ever since the approach was first practised, 
and common themes of problems are recurring. The most commonly quoted difficulties arise from a one or a 
combination of, lack of actual historical data, uncertainties in forecasting, professional accountability (who is 
responsible if errors are made), the distinction between capital and operating costs, and the theory of 
discounting costs.
Life cycle costing is an obvious concept for products which consume such vast quantities of money and 
resources over extended time-scales, but it is not yet used as a central concept within building design. The 
concept has been widely embraced, if not the actual process:
“integrating design and construction delivers better value for money as a well as better buildings,
particularly when attention is paid to the full costs of a building over its whole lifetime” (Tony Blair,
2000)
The slow take up of the process is in part due to the lack of interest in long term building performance, but 
there are also some issues with the methodologies themselves, particularly the quality of the data used to 
perform analyses. This research will use Life Cycle Costing as a means to demonstrate the wider benefits 
and acceptability of low energy approaches to building design. In order to address some of the 
methodological barriers and problems inherent in LCC applications the method employed will borrow from 
the “functional unit” concept from Environmental Life Cycle Assessment (LCA), in which smaller comparable 
sub-units of a product or service are objectively compared like for like. In applying such an approach to an 
LCC study the perceived complexity of the dataset is much reduced, and the potential data sensitivities are 
far more explicit and straightforward to comprehend. Discounting, which has often been seen as a 
controversial subject has the effect of devaluing all spend-to-save initiatives, potentially threatening energy 
efficiency programmes. However, as will be seen using examples later, opportunities to exceed current 
practice are so great, provided that discounting rates are not inflated unreasonably, they have very little 
influence on opting for some of the more fundamental building energy efficiency measures such as
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insulation. Discount rates do however impact greatly on the forecast life cycle cost savings over extended 
time scales.
Chapter 2 will cover the mechanics of LCC in more detail, and later in chapter 5 real examples encountered 
on live building projects within this research will be discussed.
1.4 Themes in Environmental Assessment for the Built Environment
Energy in-use may be the one of the most significant environmental impact of buildings during their life 
cycles, but other aspects of building's environmental performance have attracted alternative research efforts. 
Assessment and research tools represent the bridge between research findings and application in real world 
outcomes, and in communicating a building’s performance to a wide range of stakeholders, from occupiers 
to the general public.
This multi faceted research effort has resulted in a wide range of potential research and design tools on the 
market, some holistic tools and others examining specific phases or products in the building life cycle. A 
number of these tools examine whole life environmental impacts from the material requirements through the 
management and operation of the building, incorporating energy performance and many other environmental 
factors.
Tools which examine the environmental performance of buildings, can generally be divided into 4 groups:
1. Life cycle analysis tools and studies (LCA)
2. Environmental performance of construction site activities
3. Use phase Energy Efficiency analysis
4. Holistic Building Environmental Performance
Each of these tools gives a different perspective on building environmental performance. The only significant 
omission in these approaches is the demolition phase, which has not attracted such a significant 
independent research effort.
Of relevance to this research are numbers 1, 3 and 4. Area 3 obviously focuses on in-use energy, but both 
LCA and holistic assessment tools have an intrinsic part to play in advancing energy efficiency in buildings. 
For example if an LCA study on the most environmentally acceptable window frame was to be undertaken, 
failing to take into account the implications that window had on in-use performance would be a major 
omission, and the resultant in-use impacts could very readily overshadow any production and installation 
benefits. As will be demonstrated in chapter 2, LCA studies frequently do not adequately take into account 
these variables during the use phase.
This research seeks the use of decision support tools within the construction design process to ensure the 
availability of timely, accurate and meaningful information promoting and managing building energy 
efficiency. Working within a live design process demands certain attributes from decision support tools. A full
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LCA study for example, while providing a very detailed picture of whole life building performance, takes a 
significant period of time in order to complete, certainly of greater order than a typical building design 
process. Furthermore the results might be too complex for the design team to interpret. Notwithstanding 
these observations it is still considered by some that “LCA will provide a valuable tool in helping towards the 
goal of sustainable construction” (Howard and Edwards, 1998, p23). The complexity of the building system 
however, has led to some, such as Pilvang suggesting that “it is not possible to make a complete breakdown 
if the total environmental impacts of building work....LCA studies are unlikely to become a widespread tool in 
the complex reality of building and construction projects” (Pilvang, 1998, pi 14).
One of the most widely known whole building assessment frameworks around the world is that of the BRE’s 
BREEAM (Building Research Establishment Environmental Assessment Methodology). Whole building 
performance assessment methodologies such as BREEAM (Baldwin et.al. 1998), while having their 
strengths, are unable on their own to support energy-efficiency decision making during the design process, 
the approach does not in itself propose efficiency measures, but instead retrospectively assesses their 
success. Furthermore, the costs and benefits of approaches are not captured. In BREEAM, energy efficiency 
is captured as part of a wide range of environmental impacts. A weighting system is used to combine these 
different aspects, and these weightings are determined by the views of a wide range of stakeholders, from 
experts to the lay person.
The significance of energy efficiency within the weighting system is lessened so as to represent a more 
complete picture of building attributes. BREEAM therefore does not recognise the relationship highlighted in 
Figure 1.4 discussed previously, and as such more a measure of the completeness of the building strategy 
as it is an objective measure of actual performance.
It must be remembered that each of these tools has its intended sphere of influence, BREEAM for example 
is intended as a means to compare the performance of different buildings, to find a common language for 
“green buildings”, and to roll that vision out to clients and the wider marketplace. Similarly as a tool to 
examine priorities, and to provide more generic guidance on building specification, LCA studies are highly 
valuable. However neither of these broad approaches can effectively be used to reverse the trend in building 
energy performance, and in some cases they may be perpetuating the problem. This research poses a new 
methodology for bringing energy efficiency to the forefront of early building design, to work alongside these 
existing tools. Understanding the needs of the design process, and the strengths and limitations of the wide 
range of possible approaches is important when proposing a new methodology. A more detailed discussion 
of these and a wider range of approaches to building environmental assessment is given in chapter 2, while 
chapter 4 examines the construction design process itself in more detail.
1.5 Bringing the debate together
From the information presented in this chapter it has become clear that building energy performance 
represents one of the most significant environmental impacts of current human activity in the developed 
world. This is partly due to our increasingly indoor lifestyle, but also buildings are consuming significantly 
more energy than they should. Well proven techniques exist on the marketplace in order to significantly 
reduce these impacts, particularly on new construction projects. There are a number of tools available to
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help building designers, constructors, owners and financiers to assess the environmental impacts of a wide 
range of construction activities. However, these approaches are either poorly integrated into the design 
development process, or are unable to identify and deliver the design modifications required to realise 
improvements in energy efficiency. Significantly influencing this situation will depend upon understanding the 
requirements for achieving energy efficiency, as well as the constraints and challenges posed by both 
contractual conditions and design processes.
One of the key constraints to delivering environmentally beneficial approaches in the built sector is the way 
in which buildings are procured. The majority of these routes are characterised by fragmented thought and 
delivery processes, in which no party has a stake in the long-term performance of a building. The 
Government’s Private Finance Initiative (PFI) represents a good opportunity to demonstrate how more 
integrated thought and practice in building procurement can reap substantial environmental and economic 
benefits. Current practice in PFI however means that these potential advantages are not being fully 
exploited. This is in part due to minor contractual quirks that can have a substantial impact on performance, 
and partly due to the apparent lack of guidance to the project teams on how their decisions affect whole life 
performance parameters. An examination of the barriers to energy efficiency and the importance of the PFI 
route of procurement in overcoming these barriers are considered in Chapter 3.
In demonstrating long term performance benefits, further use of Life Cycle Costing as a design tool is 
essential. Cost represents one of the key influences in the built environment, and in whole life cost terms is a 
good vehicle through which to demonstrate the wider benefits of low energy approaches in a manner which 
is congruent with clients requirements. These design solutions would tend to exhibit reduced operating 
expenditure through lower fuel bills and reduced maintenance of energy consuming plant items. Life cycle 
costing as a methodology has thus far failed to gain widespread application in the construction sector 
although this is as much a function of the lack of interest in the building life cycles themselves as a deficiency 
in the approaches and techniques used. LCC has tended to be a cumbersome tool to use on building 
projects, and there are concerns as to the quality of the data currently available to perform analyses.
Building environmental assessment tools and methodologies will be considered in more detail in the next 
chapter. Decision support tools have a crucial role to play in permeating the decision making processes 
behind the inception, design, construction and operation of buildings. Current tools available on the 
marketplace are not typically used in mainstream construction design, and this is discussed further with 
reference to current projects and architects in chapter 5, which discusses the findings of the research.
There exist a number of barriers to the acceptance of energy efficient approaches, discussed in chapter 3 
and technologies, and these should not be taken lightly as they stem from deep-seated organisational 
properties and communication practices within the industry. However these problems are “not 
insurmountable...[but] there are factors that contribute to the problem which need to be considered when 
proposing solutions” (Scrase, 2001, p57). There is an agenda of significant change within the construction 
industry spearheaded by initiatives which emerged as a result of the 1998 Egan Report, such as the 
Movement for Innovation (M4i). Issues of energy efficiency and sustainability, while components of these 
research efforts are afforded only secondary importance, alongside the innumerable other seemingly more
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pressing issues of quality, time and cost certainty, client satisfaction and safety. These issues are 
undoubtedly important in their own right, but the significant inertia of the construction industry arising from 
the long life of building products means that the correct choices with regard to building energy efficiency will 
need to be made, and soon, if the anticipated environmental problems to be faced by future generations are 
to be mitigated.
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Chapter 2: The Building Design Process: Opportunities and Constraints in Delivering Energy 
Efficiency
2.1 Introduction
The design process has been highlighted as a pivotal stage in the life cycle of buildings in chapter 1, and a 
major determinant of a wide range of life cycle environmental impacts arising from the construction and 
operation of buildings. In terms of energy efficiency some of the most important determinant factors are cast 
during the design stage. Not only is the design stage significant, but also in particular the early design stage. 
It was considered in chapter 1 using a simple time/cost curves that the pre and early design stages are 
where the most significant and cost effective savings are to be made. This makes the pre-design stage 
crucial through the decisions made just before the outline designs and options are penned.
Building projects are complex and dynamic, passing through several discreet phases of inception, 
documentation and delivery. Obviously the life of a building does not cease when the building is handed over 
to the client, but once the building has been commissioned it becomes the concern of the client and their 
facilities managers (depending on the procurement type) to run and maintain the building throughout its 
working life.
“With building projects there is often a tendency for clients to rush the front end.... factors such as 
the lack of available skills in option evaluation and feasibility analysis and assessment, together with 
the tendency for site based issues to predominate the cost equation and the thinking of those 
involved in building procurement, have added to the relatively low emphasis on the pre-design 
phase” (Best and De Valence, 1999, p3)
Design is central to 2 of the 3 fundamental factors affecting the energy consumption of buildings in use, 
building design, services design and occupant behaviour. It is recognised that the behaviour of occupants 
and building management is highly important in determining the consumption of energy, but these aspects 
will simply amplify the strengths and or weaknesses of the building/services design, the factors behind which 
may be fixed for a significant period of the building’s life. It is self evident that a truly efficient building 
demands the effective interplay of all these factors. The purpose of this chapter is to examine the design 
process in detail in preparation for the development of a new design tool to address design related aspects 
of energy efficiency. The chapter will examine the generic design process that is constant across the majority 
of building projects regardless of the route through which they are procured. The weaknesses of this generic 
process will be discussed, and particularly those design processes, relationships, beliefs and attitudes, which 
are working against the development of designs with good energy performance. The examination of the 
issues surrounding the design process will give some indication as to the environment in which a design tool 
will have to work and some of the constraints it will need to overcome. These constraints are in addition to 
the, procurement route constraints, and the current typical client view which places little emphasis on either 
good long term performance, or environmental performance as discussed in chapter 1.
The design process for buildings is unique, simply because many are largely one-off designs, and also that a 
very short period of design leads on to a product with an unusually long life-span, of a greater order than
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most consumer products and in some instances human life itself. The design process has been at the centre 
of a considerable debate, this debate concerns the benefits of evolving the process into a more integrated 
decision making forum. Better design, it is believed, will improve the performance of buildings in many 
aspects:
“It is axiomatic that better design leads to better buildings; and similarly that those better buildings 
will be more valuable to their owners” (Best, 1999, p311)
So how far can the design process be considered to be a generic process? The detail of the design process 
will vary from project to project, as each design must deal with the specific nature and requirements of each 
site and design brief. However the aim of the generic stages is largely constant. These generic stages are 
categorised as follows in Carillion internal design management procedures (Carillion, 1998):
inception: Where the project stakeholders establish the requirements and identify the potential opportunities 
presented by the project. It is determined at this stage how the project should proceed, and how the facility 
should be procured.
Outline Design: Where the project’s bid team, and bid strategy are established. The project documents are 
audited and developed as fully as possible. The site, legal and other constraints are studied and reported.
Scheme Design: Where the project brief is confirmed and the design parameters are established. Super 
trade-packages are identified to aid the design. This essentially divides the bulk of the building into a number 
of individual packages which are put out to tender. The architectural and engineering solutions are 
integrated. Planning approvals and all other appropriate statutory applications are sought.
Detail Design: Where the design is finalised and co-ordinated in line with the Trade Package Strategy and 
all elements and components are specified.
Production Information: Where the designers prepare working drawings, schedules and specification for 
procurement and construction.
It is interesting to note that even in this procedural documentation, one of the purposes of the scheme design 
stage is deemed to be the integration of engineering and architectural concepts. Ideally this should be 
happening from the inception of the design since both architectural concepts and mechanical and electrical 
engineering design should act as unified entity in maintaining the required internal conditions. The fact that 
this is not envisaged to be the case, even in documented procedures highlights one of the key weaknesses 
of the current design process, the fact that the parties involved are not, and are often not encouraged to work 
in an integrated manner in delivering the final solution from the earliest strategic phases. The recognition of 
this situation has led to a significant discourse in the development of more integrated design processes, 
which are discussed in this chapter. Integrated design is an important factor in delivering more efficient 
buildings, and the proposed new design procedure put forward in this research will seek to learn from 
aspects of this philosophy.
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The construction design process is a complex iterative function involving many interest groups, and 
individuals and ultimately resulting in a set of documents and supporting information which will allow the 
design intent to be transformed into an operational building. The ultimate aim is to satisfy the clients needs, 
and find an optimal solution to these needs while at the same time meeting other requirements and 
constraints with respect to statutory obligations, technical feasibility, operational requirements, environmental 
standards, site conditions and cost. The success or otherwise of a building design will depend upon a series 
of interrelated judgements by a range of design personnel and other interested parties. The building is also 
appraised from a wide variety of viewpoints, including tenants, occupants, building owners, local authorities, 
critics, and also by the general public.
When it is considered that 80% of the project value will be fixed within the first 20% of design time (Hawken 
et. al, 1999), the need for good design, and good management of that design is clear. The design 
management process should facilitate and manage the process of design by providing a framework for the 
development, flow and control of design information such that the team can test, guide and support design 
decisions with the full knowledge of the value and environmental implications of those decisions.
It has been considered that energy and environmental performance of buildings is influenced by a number of 
factors from the design stage, through commissioning and operation. While design is not the only constituent 
factor in determining a building’s performance, it is clear that such features, particularly those concerning 
basic construction parameters do not have significant scope for development over a building’s life. It is 
therefore very important that the correct decisions surrounding these variables are made at building 
inception. Considering the low turnover of the built environment, the design process is the starting point (both 
in new build and refurbishment projects) in the delivery of a more sustainable built environment.
Control and good management of design is crucial since the process incorporates many balances and trade­
offs. Energy and environmental performance has not typically been one of those controlled factors, although 
minimum standards are enforced through national building codes and regulations. Life cycle costs are also 
an example of building characteristics, which are not generally controlled through design parameters. 
Considering the fact that “when just 1% of a project’s up-front costs are spent up to 70% of its life cycle costs 
may already be committed” (Hawken, et al. 1999), this represents a potentially serious management 
deficiency within current design practice. Current practice then, is characterised by conflict, limited 
communication and constrained outcomes. These shortcomings in turn hinder innovation and favour 
conventional solutions rather than more fundamental analyses of the design problem, and alternative 
solutions.
A term which has been used by many to describe a more rigorous and cross disciplinary approach to design 
is that of “Integrated Design” (Reed and Gordon 2000) (Best, 1999). The integrated design approach 
describes a process of cross disciplinary teamwork enabling the improved integration of building community 
natural and economic systems. While it is clear that such a philosophy would go a long way to addressing 
the needs of a sustainable design process, this notion of integrated design is almost as indistinct as that of 
sustainability itself.
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A classic example of “Integrated Design” heralds from a period when the architect could feasibly take on the 
roles of designer, engineer, project manager, construction manager, and economist. In the 1880s a US Army 
engineer. General Montgomery C. Meigs both designed and supervised the construction of the Pension 
Building in Washington DC. Particular attention was paid the health and wellbeing of the occupants through 
the provision of lighting and ventilation, ft is claimed that in the 3-4 storey building with a footprint of 120m x 
60m, that up to 30 air changes per hour could be achieved though solely passive means. After just one year 
of operation, the number of sick days taken by the bureau’s 1500 employees had reduced by 8622 
compared with the previous building in the previous year. This is a very simple case of integrated design, 
and it clearly cannot be used as the model around which to form an approach to the contemporary design 
process. However it does illustrate that “integration” refers not only to the parties involved in the development 
of the design, but also in the consideration of the building envelope, its services, and the demands of the 
user as an integrated system.
Since this time, procurement of buildings has changed almost beyond recognition and at the same time 
architectural and engineering concepts, the integration of which is very important, have become increasingly 
disparate (Strachan, 1999) (Levin, 1996). Buildings are more complex, particularly in terms of their 
mechanical and electrical services, and the number of parties involved in their creation, not only within the 
project team, but also external pressure from regulators, public perception and so on. Considering the 
multitude of factors which construction and development teams have to deal with it is not feasible to expect 
all these fundamental roles to be met by one person, while still being able to work to tight time horizons, and 
deliver the project in budget.
“While many designers and engineers profess to be systems thinkers, the reality of the specialisation, 
isolated decision making, conventional practice methods and the speed of the building process conspire to 
prevent achievable optimisations of every system engaged when buildings are produced” (Reed and 
Gordon, 2000, p325). Hence in order to change the product, one must first change or adjust the process. It is 
this isolated decision making process which is so detrimental to good energy performance in buildings, and 
this characteristic extends beyond the design process, and into the relationships between the client, and the 
eventual building owner or user. These limitations have to an extent been addressed in integrated 
procurement routes such as PFI, but still some of the internal design process constraints remain.
The existing design system could be described as a linear system of thought, and it is this system which is 
militating against the arrival at low energy, or otherwise optimum solutions to a variety of design problems. 
The problems, and flaws with the current system can be summarised from a variety of sources:
■ The functional isolation of consultants. Different disciplines use different vocabularies and measure 
success in different terms. “Developers speak dollars per square foot; financiers risk and
return engineers square feet per ton and kilowatts per ton; and so forth unto Babel. (Lovins and
Browning 1992)
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“Little utilisation of the collective energy of the team -  individual consultants working in isolation cannot 
draw on the momentum that can be generated by group working, and there is little opportunity for 
achieving agreed decisions on optimum solutions to problems that have complex interrelationships 
between factors that are generally seen as being each within the purview of different disciplines” (Best, 
1999, p315). This situation to a certain extent has been addressed in integrated procurement routes 
such as PFI where all consultants work together to deliver the final design product The role that the PFI 
procurement route might play is discussed further later in this chapter. The root of this problem however 
in terms of isolated thinking remains.
The basic parameters of the design are set by a few players without regard for the effect those decisions 
have on other parties within the project delivery chain. This means that during the earliest stages of the 
design process those parties such as services engineers have no influence on the fundamental 
parameters such as orientation/glazing etc which have a major impact upon the sizing of their services. 
This communication problem remains throughout the design development stage, where consultants lack 
an appreciation of how their segment of responsibility or sphere of is in turn affecting that of other 
consultants.
There is no clear ownership of the design. The role of the architect is diminishing in terms of design 
ownership, it is increasingly belonging to the managing contractor in integrated procurement routes, and 
this is clearly a state of transition. Considering the competitive nature of most building tenders, 
regardless of procurement route, there is evidence of perceived high power of the client. Since many 
clients are inexperienced in building procurement, this situation clearly has potential to stifle innovation 
and change.
The client/user segregation from the design process. It is ironic that the very client or building owner/user 
for which the building is being developed has very little active involvement in the design process other 
than to ensure that a number of often narrowly conceived parameters have been met. It is usual for 
clients to employ external consultants to ensure that these parameters have been met which further 
segregates them from the design process, and discourages further involvement.
Consultant’s fees are usually based on a percentage of the value that their work adds to the construction 
process. This situation gives little incentive for such parties to seek lean approaches, and this is 
particularly so in the case of building services. This can lead to over-specifying of buildings with systems 
which are larger than that which are actually required to suit the building. This leads to up-front 
inefficiencies in terms of systems which cost more to purchase and install than they otherwise should, 
and from an environmental perspective more importantly that these systems will be run at inefficient part­
loads during the operation of the building, increasing operating costs. As Batty et al. 1996 (pi 18) states 
“traditional scales and budget breakdowns [do] not encourage integrated work”
The use of “rules of thumb” measurements which give highly conservative estimates of the value of 
building features. This would tend to lead to highly conventional thinking and would work against the 
development of alternative approaches. Rule of thumb measurement cannot deal with active design
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enhancements, and hence the designs are more likely to be based on standard practice and past 
experience.
■ Little application of the life cycle cost approach to design costing, despite a widespread appreciation of 
the potential value of this approach. The combination of the above factors, and particularly the nature of 
the relationship between the client, architect, constructor, consultants and end user means that there is 
little thought is given to life cycle costing. Further information on Life Cycle Costing is given later in this 
chapter.
The existence of this linear process within the construction process has defined the role and expertise of the 
individual parties involved. For example building services consultants in the main do not posses the skills 
which would enable them to integrate their work with for example those who deal with the characteristics of 
the external envelope. Hence the transition from a linear to an integrated design process demands not only 
new processes, but also new tools and skills. The situation is not just evident in the UK, Reed and Gordon 
(2000) speak of a similar situation in the USA in their review of design practice, in calling for more integrated 
procedures.
The ownership of change within the design process could potentially rest with one of a number of parties, 
either clients, architects, contractors, operators/owners or financiers. Considering the fact that procurement 
routes are tending to move towards integrated design/build or PFI type routes, the role of design 
management in these contracts would usually rest with the contractor. Hence it would seem appropriate for 
the driver for change in this process to come from the contracting organisations, it is here where most of the 
perceived burden for product environmental performance lies, despite the fact that the functional 
success/failure of a project might otherwise lie with the architects.
The design stage of a building varies in both structure, and period depending on the specific details of the 
project in question. The output and structure of the design process is influenced by:
The procurement route
Who employs the architect (client or contractor)
Whether the client will be the building owner or is just managing the development of the site 
The clients specification 
The design timeframe
Individuals within the design team and their knowledge and experience 
Who will own/operate the building 
Building Type and Sector
The importance of the design process in the delivery of energy efficiency is obvious, as discussed in the last 
chapter, it is the design dependent factors which are fixed for significant periods of time. Some may be fixed 
for the life of the building, such as the building orientation and fabric, whilst others such as plant are fixed for 
the economic life of that piece of equipment. Building occupancy and management are obviously important, 
and Baker’s (1992) study suggests that such factors can affect performance to the factor of 2. It is
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considered that the occupant behaviour and building management factors are beyond the scope of this 
research, since all efficient buildings must begin with a robust approach to the design stage. There exists a 
need however to consider the user in the implementation of energy efficient technologies and approaches, 
and to ensure the facilities managers are fully aware of the functioning of the building systems to ensure that 
the building is operated as close as possible to its design specifications.
The procedure developed under this tool cannot in itself deliver an “integrated design” process but the 
discussion above highlights the potential value in changing not only what the design team do, and how they 
think, but also the fundamental organisation of the decision making process within design. It is clear that the 
linear nature of the decision making processes is constraining the ability of the team to deliver more 
environmentally favourable solutions, particularly in terms of operative performance. The current initiatives 
surrounding the delivery of more integrated design processes are centred on the US and Nordic countries 
(Reed and Gordon, 2000). It is acknowledged however that there “is currently insufficient research work 
underway in the commercial building industry that specifically targets the commercial building delivery and 
operations process” (ibid, p 330)
2.2 Building Procurement Routes: PFI as a Demo Platform
It has been demonstrated that many of the challenges to energy efficiency arise as a result of the structure of 
the industry. One of the most important of these structural aspects is the fundamental method by which a 
clients need for a building is satisfied, that is the route through which the building is procured. Contract type 
is a major influence on who undertakes the management of the design. Building procurement routes 
describe the way in which a client commissions a building. The client may be commissioning a building for 
their individual requirements, or may be speculatively developing a site to meet a need in the area, and 
subsequently sell or rent the space out. Regardless of the route of procurement the building development will 
still undergo the same broad life cycle stages from client requirements until moving into the new facility and 
beyond. These broad stages are illustrated in figure 2.1 on the following page.
What characterises the different modes of procurement is the integration of these life cycle stages, and the 
ownership of these stages. Traditionally procurement of a building is a very fragmented process with often 
very poor communication between the client, the contractor, the architect and the end-user. The 
fragmentation in building procurement routes is illustrated in figure 2.2 on the following page. A long 
recognised characteristic of the construction industry, particularly in the more traditional routes of 
procurement is the fact that the thought processes behind the inception, strategy, design, construction and 
operation phases are often considered in isolation with little interaction between parties or processes. These 
limitations have serious implications for the performance of the end product, since no one party has a long­
term stake in its success.
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Figure 2.2: Four major building procurement routes.
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These procurement deficiencies have been repeatedly noted in government commissioned construction 
“state of the industry” reports:
“In no other important industry is the responsibility for design so far removed from the responsibility for 
production” (Emmerson Report, 1962)
We consider that the most important problem that confronts the construction industry is the necessity of 
thinking and acting as a whole” (Banwell Report, 1964)
The efficiency of project delivery is presently constrained by the largely seperated processes through which 
the are generally planned, designed and constructed” (Egan Report, 1998)
Building procurement routes are critical to the delivery of an energy efficient new building, and in particular 
the relationship between the developer and the building owner or user. A procurement route dictates the 
relationship between the client, financier architect, contractor, and end user. Energy efficiency is commonly 
seen as a weak means through which to market a property (Bordass, 2000), and frequently such concerns 
are argued to be peripheral to those seeking for example office accommodation where prestige and 
convenience are paramount. In a traditional procurement route, the client/developer would employ an 
architect to draft designs to meet the client’s specifications, which would then be passed out to competitive 
tender for a contractor to meet the client’s specification at least cost. If the client is not the future owner of 
the building and does not place a value on in-use performance then he/she is not interested in any additional 
features which will not directly increase the letting potential of the property. It is generally perceived that 
energy efficiency features are not one of the major marketing forces within commercial office space. The 
problem with this route of procurement in the interests of long term performance is the segregated nature in 
which the thought processes are made, the client is essentially the key driver of the process, but at the same 
time their experience in dealing with building procurement may be limited. The architect is significantly 
constrained by the clients vision, and remarkably little two way communication takes place, the contractor is 
also segregated, and is not introduced to the design until it is complete, and can hence have little influence 
on its performance or specification.
More recent procurement methods have sought to improve these project relationships, and the emphasis is 
now moving towards design and build. Private Finance Initiative (PFI), and lifetime asset management style 
projects representing a new level of opportunity in bringing issues of whole life performance to the fore. 
Perhaps the most long established procurement route of this nature is design and build. This method of 
procurement solves many of the contractually conceived communication and integration problems, but there 
is still little or no stake in long term performance following building hand-over. This long term perspective on 
building ownership has largely been brought to bear in the UK by the Government’s Private Finance 
Intitiative, a method of procurement which has since found favour in North America, Europe and the 
Middle/Far East.
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The term “Private Finance Initiative” (PFI) used in context of building procurement gained recognition in the 
UK during the 1980s, however the term is only used to describe the procurement of government 
accommodation and facilities. Despite this PFI is part of a group of approaches to procurement, these are:
• PFI: Private Finance Initiative.
• BOO: Build, Own, Operate.
• DBFO: Design, Build, Finance and Operate.
• BOOT : Build, Own, Operate and T ransfer (to client).
The unifying principle behind all these approaches to procurement is that the promoting consortia designs, 
builds, finances and operates the project for the benefit of the client. The term PFI however only applies 
when the project is commissioned by a public client such as the government or a local authority. Although 
the principles of DBFO and PFI have been known for some time, the profile of PFI was considerably boosted 
by events in 1989 and 1992 when the government sought greater involvement of the private sector in public 
projects. Officially launched in 1992 by the then Chancellor of the Exchequer: Norman Lamont, the Private 
Finance Initiative (PFI), was set against a backdrop of widespread privatisation during the 1980s, in which 
many state owned and operated institutions were sold off to the public sector in a drive to "free up the 
economy, allowing competitive market forces to dictate and reduce public sector inefficiencies and 
overspending" (Owen & Merna 1997, pi 63). Although PFI has been seen as a potential solution to some 
public sector problems, most notably the provision of quality education and health services, this is not to say 
that PFI has been without problems. There appears to be widespread frustration about the numbers of 
projects which have reached financial close, fewer than initially anticipated. Although industry spectators 
suggest that "the construction depression is the only reason why current PFI operators are in the market" 
(Tolford, 1996), only time will tell whether this costly form of bidding will survive in a stronger climate. Since 
Tolford wrote this in 1996 however PFI has consolidated itself, and looks set to become more rather than 
less common procurement route in the future. The cost of bidding has proved highly significant however, and 
the attractiveness of the PFI concept to contractors will depend on government’s ability to keep these up­
front financial risks to a minimum.
The PFI requires a change of approach in that the Government no longer buys buildings or assets; it buys 
long term services. This often means that even though a building may be required for the performance of 
that service, it would remain in the ownership of the Private Sector. Government pay for PFI services as they 
are used, and this approach readily lends itself to greater whole life building efficiency since the operator, 
designer and constructor are all part of the same consortia.
Figure 2.3 on the following page shows stages the PFI procurement route, the concept is under continual 
development, and this diagram represents a typical approach at the time of writing. The timescales for each 
stage are not shown simply because it is impossible to generalise on this aspect. For example the time taken 
to achieve “financial close” (when the contract is signed), from the “preferred provider” (when the client 
enters sole negotiation with a single contracting consortia) can take anything from two months to two years 
and longer.
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PFI Development Phases Party Involved Details
Establish a Business Need
Appraise the Option
Produce a Business Case
Client
Publish OJEC Notice 
(Official Journal of the EU)
Identify Opportunities
Bidder Seeks Prequalification
Selection of Shortlist
Appraisal Refined
Invitation to Negotiate Issued
Bid Submitted
Client
Bidding consortia identify opportunities relevant to 
them and respond to the OJEC notice by means of a 
letter expressing their interest.
Bidding Consortia complete a questionnaire detailing 
their financial and technical capabilities and 
expertise for prequalification. This stage will reduce 
the number of bidders to (usually) a maximum of 6.
At the invitation to negotiate stage there will be less 
than 4 bidders who submit detailed proposals of the 
project
Bids Evaluated
Best and Final offer Submitted
Appointment of Preferred 
Provider
Contract Reaches Financial Close' 
Procure
Construct
Operate
Client
Client
Both Parties
The best and final offer stage is optional, it is used to 
reduce the competition to 2, and allows the 
remaining bidder to refine their proposals again.
Once the preferred bidder has been appointed, the 
contract negotiations commence.
Once all negotiations are completed, contracts are 
signed, and the concession period starts.
Figure 2.3: Stages in the PFI Procurement Route. The time periods for each stage are not shown due to the 
fact that each project is unique.
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The concept of PFI is not without its critics, and despite the fact that capital investment is welcome by staff 
and communities alike in most sectors, organisations such as UNISON suggest that the scheme offers poor 
value for money, compared to more traditional routes of public sector procurement. However in terms of 
achieving a genuinely integrated whole-life design concept, and design team PFI represents a significant 
opportunity not only to demonstrate the benefits of energy efficient buildings, but also its wider benefits to the 
wider marketplace. The next section deals with the design process in more detail, demonstrating why 
integration of those who will design, service, construct and operate the building is so important for energy 
efficiency.
It is clear that opportunities exist within PFI contracts, which do not readily exist in more traditional modes of 
building procurement. As was mentioned in the introduction to these forms of contract a number of examples 
exist throughout the world. One of the more recent developments has been the research focussed Project 
Alliance contracts in the Netherlands (Scheublin, 2002). This new form of contractual arrangement has been 
developed through the examination of other industries, something that John Egan notably called for in his 
landmark “Rethinking Construction” report of 1998 in the UK. The key purpose of the Project alliance 
contracts has been to reduce the time and costs associated with the procurement and construction process. 
This is achieved through early contractor involvement in the design process, and through reformed payment 
mechanisms, where all project parties share risk and reward, not dissimilar to PFI. One major difference is 
that the client brings together all the parties in the partnership in an alliance, which lasts the term of the 
contract, whereas in PFI many partnerships will bid for the work over subsequent stages. It has been found 
that the project alliance has the effect of reducing construction time, increasing time certainty, reducing site 
accidents, better satisfaction for the labour force, and increasing the “quality of engineering above [client] 
expectation” (ibid, p454). No mention is made of environmental performance, or of the barriers that exist 
within typical bid processes in terms of long term performance. The construction work currently completed 
under the project alliance contractual system are all process buildings for the petrochemical industry where 
one would assume that the performance of the building during operation may be a less critical environmental 
issue than offices, hospitals and residential spaces, since it is the efficiency of the process contained within 
which is dominant.
The project alliance form of contract represents a major step forward in building procurement for the private 
sector, and many of the barriers to achieving good energy and environmental performance can be overcome 
using such contracts. This is especially so for those barriers that concern the integration of architectural and 
services concepts, and to a lesser extent the payment structures for building services engineers. 
Procurement methods are a crucial component in delivering energy and environmentally efficient buildings, 
but it is only one of the components, and experience from within advanced contracts such as PFI suggests 
that good energy performance is far from prerequisite.
The importance of procurement routes from an environmental respective is primarily the impact they have 
upon the design process, the relationships and communications therein, and how that influence 
subsequently impacts upon later operative performance. The remainder of this chapter is dedicated to 
examining the design process in more detail in the light of the knowledge concerning the current barriers to
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snergy efficient design, and building procurement. What aspects of the design process must change and 
how?
2.3 Delivering an Integrated Design Process: Linking Procurement with Design
Integration in the design process depends upon a complete seamless link between architectural and 
engineering concepts. Integrated design is not a new concept, indeed it is generally considered to be a key 
feature of design which has diminished over time:
“Integrated design is not a marriage between architecture and engineering, but a reunion after a long 
period of separation” (Building Services, 1995, p29)
“Design based on the principles of sustainability is not a new approach. Many examples of 
sustainable design exist in the history of architecture. The best of ancient building approaches
should be used in logical combination with the best mew technological advances....Future buildings
should be regarded as more than inanimate boxes” (Hayter et. al. 2000, p i)
An integrated design approach is an essential component in promoting energy efficient approaches since 
close assimilation of architectural design with appropriate engineering concepts is one of the most important 
ways of delivering energy efficient buildings. This manifests itself through maximum utilisation of natural 
lighting and ventilation coupled with appropriately sized and specified mechanical and electrical services.
Examples of integrated design often make some startling reading. One such example is the ING Bank of the 
Netherlands, who moved into new office premises in Amsterdam in the late 1980s. Their new building has 
proved to be a fine example of the ways in which multi-disciplinary teams working towards integrated design 
solutions can deliver a wide range of benefits to both building occupants and owners.
The bank’s brief was “unusual in its simplicity and clarity”, it was declared that the building would:
■ Integrate art, natural materials, sunlight, green plants, energy conservation, low noise levels and water
conservation
■ be functional, efficient and flexible
■ be human in scale
■ have low running costs
The buildings were designed by a team consisting of architects, construction engineers, landscape 
architects, an energy expert, an artist, and the bank’s own project manager. All of these team members were 
involved in the design from its inception. The results of this approach have been extraordinary improvements 
in the environmental and economic performance of the buildings. The new headquarters for instance 
consumed less than one tenth of the energy of their previous headquarters, resulting in annual reductions in 
running costs in the order of $2.4 million. Additional benefits have been derived from reduced absenteeism,
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measured at approximately 25%, and the improved public image to the extent that it moved from fourth to 
second ranking amongst Dutch banks (Holdsworth, 1989; Romm and Browning 1994, 1995).
The integrated nature of the design team as noted in the project above is a key feature of PFI projects, 
where the architects, construction professionals, building services engineers and building managers are 
involved in the inception to operation phases of building development. The integrated nature of the team in 
these projects means that the barriers to achieving an integrated design approach are not as significant as in 
more traditional procurement routes. As will be discussed later in the thesis, the contractual structure of PFI 
is however not as favourable for building energy performance as may be expected.
2.4 The RIBA documented design process.
With truly integrated design being the ideal situation, the current design process is often some distance from 
these ideals, primarily due to the contractual barriers placed upon this process by the procurement method. 
The design of buildings will generally follow a prescribed design path regardless of the procurement route 
and company policies/practices, the ownership of each stage and the integration of these stages can 
however be very different.
The process begins with an understanding of what the client requires, their budget and timeframes and is 
completed with a set of production documents from which construction can begin. This process is defined in 
the RIBA plan of work described in figure 2.4 below. The consideration of energy efficiency in this process is 
currently confined to the detail design stage for the reasons discussed earlier in this chapter, and at the time 
of writing this is also true of many long term methods of procurement such as PFI. The target for this 
research is to aid the integration of energy efficiency into the earliest phases of building inception also 
demonstrated the figure below.
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)esign Stage
Inception
Feasibility
Outline Proposals
). Scheme Design
Detail Design
\  Production 
Information
Bill of Quantities
H. Tender action
Project Planning
I
I. Operations on Site
(. Completion
Feed-back
Purpose Tasks People
To prepare a general outline 
of requirements and plan 
future action
Set up client organisation for 
briefing. Consider 
requirements, appoint 
architects (masterplan)
All Client interests, architect
To provide the client with an 
appraisal and 
recommendations in order 
that they may determine the 
form in which the project is to 
proceed, ensuring that it is 
feasible, functionally, 
technically and financially.
Carry out studies of user 
requirements, site conditions, 
planning, design and cost 
etc..as necessary to reach 
decisions.
Clients’ representatives 
architects, engineers, and OS  
according to nature of project
To determine the general 
approach to layout, design 
and construction in order to 
obtain authoritative approval 
of the client on the outline 
proposals and accompanying 
report.
Develop the brief further. 
Carry out studies of user 
requirements, technical 
problems, planning, design 
and costs, as necessary to 
reach decisions.
All Client interests, architects, 
engineers, OS and specialists 
as required.
To complete the brief and 
decide on particular proposals 
including the planning 
arrangement, appearance, 
construction method, outline 
specification and cost, and to 
obtain all approvals.
Final development of the brief, 
full design of the project by 
architect, preliminary design 
by engineers, preparation of 
cost plan and full explanatory 
report. Submission of 
proposals for all approvals
All Client interests, architects, 
engineers, OS and specialists 
and all statutory and other 
approving authorities.
To obtain final decisions on 
every matter related to design, 
specification, construction and 
cost.
Full design of every part and 
component of the building by 
collaboration of all concerned. 
Complete cost checking of 
designs
Architects, OS, engineers and 
specialists (contractor if 
appointed).
To prepare production 
information and make final 
detailed decisions to carry out 
work.
Preparation of final production 
information, i.e. drawings, 
schedules and specifications.
Architect, engineers and 
specialists, contractor (if 
appointed).
To prepare and complete all 
information and arrangements 
for obtaining tender.
Preparation of Bills of 
Quantities and tender 
documents.
Architects, OS and Contractor 
(if appointed).
Action as recommended in 
N JC C  Code of Procedure for 
single stage selective 
tendering 1977.
Action as recommended in 
N JC C  Code of Procedure for 
single stage selective 
tendering 1977.
Architects, OS, engineers, 
contractors, client.
To enable the contractor to 
programme the work in 
accordance with contract 
conditions; brief site 
inspectorate; and make 
arrangements to commence 
work on site.
Action in accordance with The 
Managem ent o f Building 
Contracts
Contractor, Sub-Contractors.
Follow plans through to 
practical completion of the 
building.
Action in accordance with The 
Managem ent o f Building 
Contracts
Architects, engineers, 
contractors, sub-contractors, 
OS, client.
To hand over the building to 
the client for occupation, 
remedy any defects, settle the 
final account, and complete all 
work in accordance with the 
contract.
Action in accordance with The 
Managem ent o f Building 
Contracts
Architects, engineers, 
contractor, O S, client.
To analyse the management, 
construction and performance 
of the project.
Analysis of job records. 
Inspection of completed 
building, studies of building in 
use
Architect, engineers, OS, 
contractor, client.
'^igure 2.4: The RIBA Documented Design Process.
The contractor’s involvement within the design process depends on the procurement route. A contractor is 
jsually never involved in stages A and B, even in PFI projects. New emerging procurement methods such as 
_ife Cycle Asset Management (LAM), essentially a PFI-type service for the private sector in which a
45
lanagement consortium take over the whole construction and property portfolio for major clients, are 
urrently the only opportunities for contractors to be involved in the inception stages. The diagram below 
emonstrates the contractors involvement in design.
Key*-»
I T C T  = Traditional Competitive Tender
' D&B = Design and Build
PFI = Private Finance Initiative
j LAM = Lifetime Asset Managem ent
TCT
D&B
PFI 
LAM
A B C D E F G H  J K L M  Operate 
--------------------------------- ► RIBA Design Stage
Igure 2.5: Contractors involvement in the design process by procurement route (Note: TCT denotes 
raditional Competitive Tender)
he above time-lines demonstrate not only when the contractor is involved in the process, but also the 
eriod during which all parties necessary for delivering the final building are engaged in co-ordinated 
iaiogue.
Tinging the parties together to form an organic whole is one of the key components of integrated design, 
nd this will depend upon shifting the procurement processes to integrate the parties concerned at an earlier 
tage in the process. There is considerable agreement amongst the sustainable design community that 
ross-disciplinary teamwork early in the design process is essential to deliver a successful integration of 
uilding, community, natural and economic systems. (Reed and Gordon, 2000)
he construction community has for many years been involved in the delivery of buildings within very limited 
ecision frameworks, essentially the “delivery of safe temperature controlled shelter". The industry has 
Bcently begun to realise that every design decision made has a potentially very substantial impact on the 
mited material, environmental, and social resources of the earth.
.6 Utilising the Pre-Design Phase
he opening of this chapter considered briefly the importance of the earliest phases of the design process, 
armed pre-design. The pre-design work essentially describes all the strategic work undertaken before any 
esign work is commenced, that is before even a single sketch for a proposed building has been cast on 
aper. The decisions made during this process, for example whether or not to air-condition the building, how
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o orient the building on the site, and so on are made during this period, but often by default without 
consideration for the alternatives or their wider implications:
“...important questions are not even addressed during the early stages of the construction process” 
(Best and De Valence, 1999, p4)
Faking the example of air conditioning, critical questions of window type, orientation and glazing ratios may 
eceive scant attention if an early implicit decision is made to use mechanical cooling. Air conditioning may 
Drove to be the most appropriate strategy for the building, but regardless, careful consideration of orientation, 
glazing and shading if undertaken correctly can significantly reduce the resultant loads, not to mention any 
wider benefits this may bring to occupants.
It is during this pre-design stage where consideration of energy efficiency is lacking. When the architect 
casts the sketch designs on paper for the first time, unless the impact orientation, glazing, insulant standards 
and other basic building design parameters are understood, then any subsequent efforts to achieve an 
efficient end result will Inevitably be compromised. In attempting to achieve efficient buildings without 
creating an undue financial burden, undergoing. The importance of the early design processes is highlighted 
further during chapter 5 where practical examples are discussed in detail.
2.7 Monitoring Energy Performance in Design.
As with Life Cycle Costing, the use of tools to examine the estimated energy consumption of buildings 
throughout their design has not achieved significant recognition in the design process. This is due to two 
basic factors, firstly the level of development and suitability of tools themselves, and the perceived need for 
these tools within the design process considering the relatively low level of interest in long-term performance 
issues. It is the latter factor which may prove to be the most difficult to address since it has already been 
demonstrated that many construction clients are currently reluctant to engage in the issues of long term 
building performance. And that the way in which design teams are currently working does not readily lend 
itself for a tool which amalgamates the responsibilities of the design team. Technical potential means that the 
choices open to building designers are increasing, not only are the basic parameters available for 
optimisation such as orientation, natural ventilation, glazing and insulation, but increasingly a more 
sophisticated array of glazing systems, services control and renewable energy. An effective understanding of 
the energy consumption of a building is crucial if these features are to be incorporated.
There appears to be a vicious circle in play with regard to the development of energy modelling tools, the 
current design and procurement systems are currently not conducive to their application, and the tools on the 
market are commonly unsuitable for supporting, challenging and confirming the day to day decisions made 
by design teams and other building decision makers.
Shymko (2000) suggests further technical, professional and political reasons for this relatively low level of 
uptake in these approaches. The professional reasons given, generally conform to those observations 
detailed above, firstly the highly competitive nature of the building industry:
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“Clients will often balk at the notion of paying for additional expertise which they, perhaps naively, 
assume should be part of the normal design service package” (ibid, p458)
This quote has been backed up with some anecdotal evidence encountered during the research behind 
thesis, the fact that clients will often assume that, whilst not perhaps the most advanced building in terms of 
efficiency, displays a fundamentally efficient strategy. This is frequently not the case however. Further 
Darriers to the integration of energy design tools are the nature of the design teams themselves, and the lack 
Df the interdisciplinary communication required to enable them to work effectively:
The underlying fundamental problem is that integrated design is still in the very early stages of 
acceptance and adoption in North America. It runs contrary to conventional design processes and is 
often perceived as troublesome and expensive. The adoption of [energy] simulation as a design tool 
will only occur when the industry moves away from its current hierarchical conventions” (ibid, p458)
The use of energy modelling tools and techniques are vital whenever a designer wishes to move away from 
conventional solutions. Finding solutions which meet (or exceed) the performance and other requirements of 
client need careful evaluation as there always becomes a point at which the solution falls outside other client 
parameters such as cost or time of delivery. Finding these optimal, beyond regulation approaches demands 
the use of energy modelling within the design process, understanding what performance is available, what 
the implications of these requirements are on other design parameters, particularly that of cost. Life Cycle 
Costs have played a significant role in the discussion so far, and therefore may prove to have a significant 
role to play in the development of the energy efficiency design tool. The discussion below highlights the 
theoretical principles behind life cycle costing, and discusses why such an approach is still the exception 
rather than the rule in building development. Due consideration of the costs of operating a building are 
crucial to the acceptance of energy efficient design, since the financial benefits of this approach are not 
captured within upfront capital costs.
2.8 Economics in Design: Life Cycle Costing
Energy efficient buildings cost less to operate than those where such considerations have not achieved 
recognition. Considering that costs are one of the most tangible benefits of such buildings, then this will be 
central to any process or procedure to raise the profile of energy efficiency. Not only simple costs then, but 
long-term costs of developing, constructing and operating a building.
Cost control is a key part of the design process in order to keep the project within the clients budget. In fact, 
building design revolves around cost, cost of design and cost of construction. Of course buildings do not stop 
consuming money and resources when constructed, and in the same manner as environmental parameters, 
some of the largest financial impacts occur when the building is in operation. These operative costs arise out 
of the need to heat, light, cool and maintain the building, and in commercial buildings and often most 
significant of all, to meet the wages bill.
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“Everyone likes to think they get value for their money whether they are buying a hamburger, a new 
car or a holiday. Clients who commission the design and construction of buildings hope to maximise 
the value that they obtain for the large sums of money they invest in building procurement” (Best and 
DeValence, 1999, p i)
he process of building design and construction is often considered as a function of cost, time and value, 
hese three variables are inextricably linked, and changing or demanding more of one parameter will have 
onsequences elsewhere (see figure 2.6)
Time Cost
Quality
•igure 2.6: The typical time/cost/quality correlation
his approach demonstrates the fact that the client, whilst wishing to procure the highest possible quality of 
luilding, at minimal cost, and in the shortest possible space of time. However the link between these factors 
leans that, for example greater quality may be achieved if there was a greater injection of funding, and/or 
le  time involved in the inception and delivery process. The notion of cost in such mental models is purely 
apital cost driven. This simple, convenient relationship does not hold true if whole life costs are considered 
1 place of capital costs: here, higher quality and greater value could indeed be delivered in a least cost 
olution.
"he cost of building depends on much more than mere construction or capital costs. It has often been 
lemonstrated that this up-front aspect of building cost represents only a small part of the total lifetime 
expenditure. (Peck, 1993) It is obvious that the current relative ignorance of life cycle costs is not only a UK 
ehenomenon.
“...for many clients capital cost is the dominant factor, particularly in areas, such as Australia, where 
commercial buildings are constructed as marketable commodities rather than as facilities to be 
occupied by those who initiate their construction” (Best and De Valence, 1999, p7)
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■inancial parameters are one of the key shapers of the built sector. In demonstrating the implications of 
adopting low-energy approaches to buildings, a firm notion of the associated costs is essential, and some 
orm of financial benefit is typically essential when adopting these features. The key distinction to make in 
;ost terms is the difference between capital costs which represent the upfront costs borne by clients for the 
iesign, construction commissioning and hand-over of a building, and operating costs which represent a 
îontinual expenditure for the maintenance, heating, lighting, cooling and cleaning of a building during its 
)ccupation. Both of these financial parameters are influenced strongly by the design process, but it is capital 
;osts that dominate proceedings. More recent procurement routes such as PFI in which the building is 
designed, constructed and operated through a single contract represents a significant opportunity to begin to 
consider capital and operating costs as more unified financial parameters. In most procurement scenarios 
lowever the opportunity to consider these cost components on level terms is not straightforward.
Energy efficiency options represent a modification to a more typical construction process. These 
nodifications carry additional and avoided costs. For example increasing the level of insulation in a wall does 
lot only increase the price of the insulation materials required, it may also influence the construction 
nethods used to achieve the required cavity dimensions and may have an impact on the size of the building 
botprint. However it may reduce the heating plant requirements, the maintenance of those systems, and the 
înergy required to operate the systems. This complex array of additional and avoided costs occurs over 
different time-scales, and LCC is an approach that examines these costs for use during decision making.
-ife cycle costing is not typical practice on many construction contracts. In 1999 figures released from the 
BRE’s Centre for Whole Life Performance released figures to suggest that approximately 25% of 
construction clients regularly request life cycle costing analyses. These figures are based on a survey of 900 
ndividual companies This figure has been inflated by those sectors such as health, which frequently use PFI 
procurement routes, and hence regularly use LCC techniques due to the nature of the contracts. The retail 
sector use LCC least, and less than 15% specify such analyses on a regular basis. In the BRE survey, the 
easons given for not conducting these analyses included lack of client requests, lack of data, a lack of 
nonitoring targets, and a lack of long-term interest in the building. The report says that there are “significant 
technical barriers to the adoption of whole life costing” (BRE, 1999). The report does not mention the non­
technical or sociological barriers such as the way the buildings are procured, and the communication 
processes that underpin them. These barriers are equally if not more significant than those of lack of data 
since they also dictate the will behind addressing these technical issues. Rather more positive results from 
the survey suggest that most respondents to the survey, 74%, would look to use LCC techniques at some 
point in the future. This suggests that the industry in general can see the potential benefits of a LCC 
approach, despite some of the barriers to its current application. One anonymous respondent to the survey 
said of LCC:
“This is a Holy Grail in which we have long been Interested but in which the industry and our clients
have little interest. Short-term ism rules”
Central to the concept of LCC is that of discounting. Discounting essentially recognises that there is a time 
value to money, and making a saving of £1 million in year 10 is not the same as making that saving in year
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1. This arises due to the effects of inflation and interest rates over the studied period, and also the greater 
the risk of uncertainty as estimates are cast into the future, not only in terms of the business circumstances 
at that time, but also the risk of making errors or inaccurate assumptions in the analysis.
Significant debate has surrounded the environmental acceptability of the discounting principle (Deakin, 
1999). Since future costs are downgraded against those in the present, it can be interpreted that the value of 
resources consumed in the future is diminished. This notion is contrary to the philosophy of sustainable 
development, which aims to conserve those resources for future generations. Further to this the advice 
available to the decision-maker in terms of what rate to select is rather poor (Deakin, 1999). The rate 
selected has a very large bearing on the attractiveness of energy saving investments which pay back 
incrementally through reduced energy costs over their life-cycle. Studies using high discount rates of 15-20% 
and over are dominated by capital costs, and savings occurring over longer cycles however significant are 
discounted to a nominal value, essentially negating their influence on the decision to either accept or reject 
the strategy. Consideration will be given later in the thesis of how these challenges can be addressed when 
analysing energy efficiency options.
Costs are the primary shaper of the built environment, and with that a very narrow definition of cost. Rarely 
are any other costs considered in the design and construction of new buildings than capital cost. Despite the 
fact that for example the services installation cost may be a fraction that of the future operating cost of those 
services. The “engineering looks cheap to the owner; indeed the engineers one-time fee is less than one- 
thousandth as much as the tenant organisation's long term payroll costs for employees whose productivity 
depends significantly on the comfort produced by that engineers handiwork” (Hawken et. al. 1999, p91). A 
classic example demonstrating the ways in which a very narrow definition of cost shapes buildings is cited in 
Smith et. al (1998). Smith describes how a new block of student residences at Manchester University, 
formally known as “Whitworth Park”, have rapidly become known as “The Toblerones” by locals and 
students. This nickname comes from their peculiar shape; being triangular in profile with the roof extending 
from the apex almost to the ground. The reasoning behind this unusual design has since been proved to be 
financial rather than aesthetic. According to University sources, the design stems from an agreement 
between the University and the City Council over funding of the residences, for which the council had agreed 
to pay roofing costs, hence the large roofs and minimal wall areas. This is an undoubtedly amusing story, but 
in here lies a concern, a concern that cost is dominating the shape of our built environment over and above 
all other factors. Yet perhaps it is not so much a concern about the cost of things, but the way in which cost 
is so narrowly defined.
Improving the environmental performance of buildings will depend upon those involved in the project delivery 
process being able to take a longer-term view of project costs. Currently for a number of reasons even 
clients who are commissioning a building for their own needs are largely unable to consider capital and 
operating costs on like terms. Whilst it is a fallacy to suggest that all “green” buildings are likely to cost more 
to design construct than a more conventional counterpart, the catalogue of additional and avoided costs 
involved would usually add additional capital into the envelope before any plant savings arising from the 
increased specification could be identified. The C-2000 programme buildings for example, as a general rule 
added up to 7% to capital build cost, while others noted a similar level of cost reduction.
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Financial appraisal of building systems can be undertaken under a variety of different routes. The key 
parameter is the understanding the information requirements of the end user or users of the information, and 
what the analysis seeks to achieve. Life cycle costing is an approach in which a combination of capital and 
operative costs can be combined and analysed for a variety of alternative building systems. Cole and Sterner 
(2000) suggest that “LCC was first used in the mid 1960s to assist the US department of defence in the 
procurement of military equipment”. While it is true that the US was the first nation to utilise the concept of 
LCC, its theoretical foundations begin in the 1930s, when the realisation dawned that the costs involved in 
operating buildings was often more significant than that of their construction. This led to the notion that the 
“lowest cost” system of selection was not always the “cheapest” solution over the operating life of the 
building. (Stone, 1966).
Life cycle costing is one of several methodologies that can be used to account and provide a more holistic 
and comprehensive view of overall costs. LCC forms part of a costing methodology hierarchy that includes 
well-used terms such as “Total Cost Accounting” and “Full Cost Accounting”. These approaches are 
characterised by the range and type of costs incorporated in the analysis that may or may not be incurred at 
some point in the future, otherwise known as “contingency costs” (Cole and Sterner, 2000).
Cole and Sterner (2000) suggest that in order to gain more widespread application, LCC must react to the 
needs of clients and must “account for issues that the client and development community perceive as critical” 
(ibid, p370). This reactive approach is only useful to a point, since the way in which clients currently 
approach projects is far from an ideal situation, processes of LCC need not only to be led by the needs of 
clients to a certain extent, but they also need to lead clients and developers into new ways of visualising their 
projects. Real environmental Improvements in the built sector depend upon this current client “world-view” 
shifting, that is the view created by the “vicious circle of blame” which currently encloses clients, contractors, 
building owners^ architects and financiers.
Since its inception in the 1960s and before, although LCC has become a widely accepted and much 
discussed term, it has failed to gain widespread application during the design of buildings, many life cycle 
cost assessments are retrospective analyses of building and operating costs, undertaken post completion. 
While the “notion of LCC is generally recognised as a valuable approach for comparing alternative building 
designs...a host of practical difficulties conspire to limit its widespread adoption” (Cole and Sterner, 2000, 
p368). These “practical difficulties” primarily relate to the availability of life cycle information. Such 
information concerning real operating costs of buildings is generally considered, whether rightly or wrongly to 
be commercially confidential, and since the data is often collected to develop internal budgetary statements.
The notion of comparing costs over time as a basis for decision making is nothing new, but in the 
construction industry where whole life performance has such significant implications, it has not achieved the 
attention it deserves. The basic concept is simple, and the potential benefits to clients are equally palpable. 
Although the concept of considering all the costs of a project may seem to be common sense, in current 
practice decisions are made largely and unfortunately on the basis of capital costs alone. It is important to 
note that this practice is commonplace not only in the UK (Bordass, 2000), but also across the developed 
world, (Langston, 1998) (Kirk and Del’lsola, 1997).
52
The use of LCC exercises in the assessment of energy efficiency programmes has led to the existence of 
what is commonly called the Energy Paradox (Hassett and Metcalf, 1993). The energy paradox describes 
the fact that seemingly very attractive investment opportunities in energy efficient capital have been 
overlooked by investors. Shove (1998) suggests that the uptake of energy technologies through “rational 
action” is a concept long since rejected by sociologists. So why such irrational behaviour? There are a 
number of reasons for this ranging from the uncertainty in future prices and economies, to lack of project 
specific information to the more typical assumption that the marketplace places little value on energy 
efficiency. Hassett and Metcalf (1993, p710) state that “future return on investment (avoided energy costs) is 
highly uncertain”, but no statement is made as to the magnitudes of expenditure intended. Life Cycle costing 
as an approach to decision support in building design has been criticised by Bordass (2000) since the client 
V  does not treat capital costs in the same manner as operating costs as is assumed by LCC models.
i The theoretical basis for LCC is very well documented (eg Flanegan et. al. 1989; Bon 1989; Kirk & Dell-lsola, 
j 1997), what is lacking however is how to convert these concepts into applicable techniques in the practice of 
j decision making in active design projects. There are a number of specific reasons as to why LCC is not more 
I widely applied. These can be summarised as:
I ■ A General lack of motivation and/or confidence to use LCC
I " Contract structures which work against the use of LCC
i " Inappropriate fee structures for consultants
I ■ Methodological Problems
'j " Data access and reliability
Motivation and Confidence: LCC approaches frequently involve significant expended time and effort. A 
motivating factor must be evident therefore before such approaches are considered, there must be a will or 
motivation to conduct LCC analyses, and these motivating factors are obviously more powerful when they 
arise from the client. A concern arises from the reliability of the information garnered from and LCC study. 
This arises from the general uncertainty of assessing how a building will perform many years into the future. 
All parties in the project delivery chain are experienced and confident in using initial cost in decision making, 
and hence this is what is typically used. Ignorance of the life cycle of a building however, places the building 
and its owners at risk of future utility rate increases, increases the risk of premature obsolescence, and 
ultimately significantly reduces the chance of implementing environmentally oriented features which may 
alter the balance between operating and capital cost. Ferry and Flanegan (1991) put forward the notion that 
LCC is an artificial process in that it is not proposed in such studies to put away the sum of money calculated 
for future expenditure. On the other hand capital expenditure is far more tangible, and the spending limits 
real.
Contract Structures: This arises from the fact that long term building performance is not a criterion upon 
which building contracts are typically based. Even PFI projects are not explicitly framed in such terms.
Unless whole life of building performance becomes a contract criterion, then the design teams will see little 
motive for seeking such solutions. However as building contracts become increasingly competitive, such 
solutions may represent a very powerful market differentiator.
53
Inappropriate fee structures: This is considered in more detail in the following chapter from within the design 
process. In brief this situation arises from the fact that the fees payable to for example mechanical and 
electrical consultants and engineers are done so on the basis of a percentage of the total value of the 
systems they install. This does not give a significant impetus to install features and components with reduced 
life cycle costs.
The concept of the “functional unit” as borrowed from accepted life cycle assessment methodology is also 
useful In Life Cycle Cost studies since it allows an objective framework for comparing alternative design 
options without the need to model the whole building. Occasionally it may prove necessary to model the 
whole building to demonstrate the total cost implications of a package of measures over typical measures.
The concept of discounting has been seen to be contrary to that of sustainability and good environmental 
performance (Deakin, 1999) (Pearce and Turner, 1992). This is largely due to the fact that costs (and hence 
resource uses) in the future are systematically depreciated against those in the present. The higher the 
discount rate, the more pronounced this effect becomes, and increasingly capital costs become dominant. 
Deakin suggests that the reverse should be apparent with greater emphasis placed on future environmental 
impacts and resource uses. However discount rates do not in themselves seek to undermine environmental 
performance, they instead reflect a commercial reality: the fact that there is a time-value to money. Costs or 
benefits, which are likely to occur in the future, have less significance than those occurring today, owing to 
the effects of inflation, interest rates, and increased risk and uncertainty as predictions are cast into the 
future. The discount rate is a factor that aggregates these variables. Given the costs of financing additional 
capital expenditure and the desire to recoup these costs, means that the use of the discounting principle is 
justifiable from a commercial perspective, despite some shortcomings. It would not for example be 
acceptable to consider capital today at the same rate as capital in the future, hence discounting allows 
decisions to be made where current costs are traded against future costs. It is hypothesised that even when 
taking into account the effects of the discounting, significant environmental improvement is still possible.
The critique of discounting is indicative of a wider mistrust of the basic mechanics of Life Cycle Costing and 
net present values (NPV). The reality is that the mechanics of the process are very simple, it is the obtaining 
of data and convincing the client to use this data in support of the decision making process which is the 
difficult part. The problem is that many industry professionals believe that LCC in someway attempts to 
model reality, and should be used to generate annual budgets for building operating and maintenance costs. 
This is to some extent true, but LCC is ultimately a model, and models do not as a general rule claim to 
imitate reality:
“The object of the world of ideas is not the portrayal of reality- this would be an utterly impossible
task- but rather to provide us with an instrument for finding our way about in this world more easily”
(Vailhinger 1876, cited in Kirk et al (1996))
What LCC can do however is provide a sound basis upon which to make informed design decisions, where 
the current dearth or information leaves a concerning void. LCC information is most certainly in a stage of 
infancy, but in making a number of explicit and logical assumptions about costs and life expectancies of
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components, a more holistic and realistic decision-making environment is created, as opposed to ignoring all 
but capital costs.
The use of life cycle costing in decision support is made easier where more integrated procurement routes 
are used which combine issues of design, specification and construction. Where the design and construct 
group also assume responsibility for a period of the building’s operation, the opportunities for taking a life 
cycle approach to costs, and wider environmental issues expands significantly.
2.9 Summary
The way in which buildings are procured and designed has a large impact upon the opportunities available to 
deliver an energy efficient building. Current design and procurement processes are characterised by 
relatively poor communication and integration, one of the main factors behind the perpetuation of inefficient 
design solutions. A relatively recent mode of public sector procurement, the UK Government’s Private 
Finance Initiative (PFI) has a contractual structure which allows much closer integration of the parties 
involved, where the same consortium will design, construct and operate the building for an extended period 
of time. This method of procurement is beginning to find favour in the private sector, and provides an ideal 
demonstration platform through which to develop an approach to achieving building energy efficiency. Such 
an approach could be used as a driver for change in the wider sense of procurement strategy as well as 
raising the profile of energy efficiency per se.
Economics are central to design and procurement, but costs are typically viewed on a very narrow temporal 
scale. Demonstrating the full range of benefits of energy efficient design means changing the perception of 
these costs using Life Cycle Costing techniques. LCC is not widely used in building design currently most 
notably because clients have not yet fully embraced the concept. In order to monitor building energy 
performance throughout the design process other theoretical models must be used which will enable an 
understanding of the potential energy performance of the building in operation.
A wide range of building environmental assessment tools and approaches already exist on the marketplace, 
some of these tools are intended to guide building designers and specifiers in making the most appropriate 
design decisions from an environmental perspective. The purpose of the next chapter is to examine a 
number of these current approaches from an energy efficiency perspective and to understand what type of 
conceptual tools are required to raise the profile of energy efficiency in procurement and design.
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Chapter 3: Building Environmental Assessment Methodologies: Raising the Profile of Energy 
Efficiency
3.1 Introduction
Chapter 1 has briefly introduced the concept of building environmental assessment tools. Purpose of this 
chapter is to further discuss existing tools, and to examine some of the theoretical issues surrounding their 
development. There are many theoretical approaches to modelling and reconciling the environmental impacts 
of buildings. Existing methodologies to assess the environmental impacts of buildings have a common aim in 
trying to raise the profile of environmental issues in the design, construction and operation of the built 
environment. Considering the huge current significance of energy issues within that life-cycle it might be 
expected that these existing methodologies would place some emphasis on this important aspect. This is 
frequently not the case and in some cases, quite the opposite effect can be generated. What this section 
aims to demonstrate is that environmental assessment tools currently on the market are currently unable to 
begin to reverse the concerning trend in building energy efficiency. The methodologies may be weak in 
addressing energy efficiency issues, but couple this with the significant constraints placed by the design 
process discussed in the last chapter, and the potential to both initiate and maintain changes within building 
design is currently very limited.
Chapter 1 highlighted that energy performance is one of the key environmental impacts of the built sector. 
However achieving a recognition of these impacts, and influencing the inception and design of building 
projects there are a number of potential routes and fundamental methodological choices which need to be 
made before a tool is developed. Many environmental assessment tools already exist on the marketplace, 
and drawing from the experiences and reactions these tools have achieved is an important starting point in 
developing a new tool, and indeed whether there is a requirement for a new tool. The purpose of this chapter 
is to:
■ Consider the range of building environmental assessment methodologies and approaches in use and 
development
■ Discuss the ways in which these tools could raise the profile of energy efficiency in buildings
■ To understand the purpose and broad goals of these tools and to engage in their critique
■ To discuss the impacts that these tools have had on the way buildings are conceived, designed,
constructed and operated, particularly with respect to energy efficiency
■ Suggest the basis for a new tool to address the issues of practical energy efficiency implementation 
during the most influential periods of the design process where opportunities can be maximised
Reducing the environmental impact of buildings is a complex issue, there are a wide range of impact 
categories or indicators ranging from resource use, land use and emissions to social and economic factors. 
Without a practicable and meaningful yardstick with which to measure and prioritise these impacts, the 
understanding of current performance and progress made towards improving that performance becomes 
vague and meaningless.
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“Building environmental assessment methods have emerged as a legitimate means to evaluate the 
performance of buildings across a broad range of environmental considerations”. (Cole, 1999, p231)
Cole (ibid) argues that the most important contribution of these methodologies has been to acknowledge the 
importance of assessing buildings across a broad range of environmental considerations beyond established 
single performance criteria such as energy. He goes on to further argue that such methodologies increase 
the teamwork and communication requirements over and above single performance criteria.
This research argues that an independent means of assessing energy performance throughout the design of 
buildings is an essential component of more environmentally acceptable building design, and that the means 
of addressing these issues cannot be dealt with successfully using current generic building environmental 
assessment methods. This is due to a number of factors, but most importantly the dominance of energy 
issues over the life of buildings means that generic assessment tools cannot account for these issues in the 
correct order of magnitude whilst still maintaining their “holistic” nature. Whilst consensus is being reached on 
what factors contribute to green or sustainable buildings, the situation surrounding what is widely 
acknowledged as the most serious environmental problem in the built sector is worsening. This research 
seeks to develop a methodology to raise the profile of this environmental parameter in the mainstream design 
process, and in so doing raising the profile of building life cycles. When the level of awareness, and the 
resultant performance of emergent buildings begins to improve, then the relative importance of energy issues 
may be moderated, an environment in which the holistic nature of building performance, and the 
interrelationships between these factors becomes more important. There is nothing to preclude this 
methodology being used in conjunction with other assessment methodologies in order to generate a wider 
environmental design strategy. Many building components and systems have an influence on energy 
efficiency and the methodology would allow a rapid understanding of the tradeoffs made in order to meet a 
full range of financial and embodied impact indicators.
The following section will examine the alternative methods of assessing the environmental performance of 
buildings. Following this discussion the requirements for addressing the concerning trends in energy 
consumption within the built sector will be highlighted and the gap between
3.2 Methods of Examining Building Related Environmental Impacts
Crawley and Aho (1999) describe the two fundamental frameworks which exist for assessing the 
environmental impacts of a given object. These two fundamental approaches are Environmental Impact 
Assessment (EIA) and Life Cycle Assessment (LCA). “In El A the focus is put on assessing the actual 
environmental impacts of a object located on a given site and in a given context, whereas LCA is formulated 
to assess the non-site specific potential environmental impact of a product regardless of where, when or by 
whom it is used”. This is not to say that LCA results are not tailored to specific regional situations, and an 
abundance of a certain resource locally can have a significant impact on the results. Crawley and Aho (ibid), 
suggest that currently applied building environmental assessment methods fall some way between these two 
generic approaches. This is since buildings incorporate a variety of characteristics of a site dependent and
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contextual nature, and on the other hand despite their complexity could be considered to be generic industrial 
products serving a well defined functional need over a well defined life cycle.
Building environmental assessment tools perform one or more roles within the construction sector. These 
roles are as follows:
■ Environmental labelling for marketing purposes: Clients who require a building with excellent 
environmental credentials may seek a building with a green “label”. In the UK this is likely to be a 
BREEAM rating, but similar methodologies exist throughout the world. GBtool was developed through a 
world-wide dialogue in the Green Building Challenge process as a means to come to some consensus on 
what constitutes a green or sustainable building, thus allowing much more meaningful comparisons on an 
international scale. Building vendors may also market a building based on these environmental 
parameters, although this has to date not been a strong market influence (Bordass, 2000)
■ Building performance specification and targeting: Environmental assessment methodologies are 
frequently used for the specification and targeting of building performance. A client may for example 
stipulate in a contract that the building must achieve an excellent BREEAM rating. The BREEAM 
assessment methodology is discussed below, but it is interesting to note that in all of the projects studies 
in the case studies discussed in chapter 5, the client asked for an “Excellent” BREEAM rating for their 
building in the initial specifications. However BREEAM methodologies currently only exist for a limited 
number of buildings including offices and supermarkets, the clients failed to recognise this in all 
occasions from student residences to courtrooms and hospitals. It is also interesting to note that despite 
the statement of BREEAM in the initial requirements, this requirement was never restated in any 
subsequent documentation. In a recent Carillion bid on a courthouse project in Manchester the client has 
specified modifications to the air conditioning system, which will effectively forego their “Very Good” 
BREEAM rating. It would appear from subsequent negotiations with the client that the BREEAM rating is 
a very low priority requirement.
■ Building design: Environmental assessment methods were not originally intended to serve as design 
guidelines, but it seems that they, “in the absence of better alternatives, are increasingly being used as 
such” (Aho and Crawley, 1999, p303). This essentially distinguishes a design tool from an assessment 
tool. Design tools should provide the basis for making rational design decisions, and provide guidance 
and support throughout the design process, highlighting priorities and elucidating the apparent tradeoffs 
in making such decisions. It is during this stage where the potential to actively reduce the environmental 
impact of buildings is most apparent, hence the importance of tools which function during design.
■ Setting of regulations and building standards: Methodologies may be used as a means to develop 
building codes and regulations. In the pursuit for more environmentally acceptable structures it has been 
suggested that building regulations will have to fundamentally shift from a features based compliance to a 
more performance based system. Currently for example Building Regulations in the UK demand a certain 
level of efficiency and thermal performance for components within the structure, but there are no 
requirements for assessing their combined performance. Attention is shifting, and in the recent 
consultation documentation for future revisions to part L of the building regulations DETR (2000), 
provision has been made in order to demonstrate compliance in a number of ways. This for example
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allows a trade-off between some aspects of the building, provided that overall performance remains at a 
compliant level.
" Environmental auditing of existing buildings and benchmarking exercises: Considering the age of
the built environment, and the slow turnover of the building stock (approx 2-3% annually) (Slavid, 1998), 
the performance of existing buildings remains a primary concern. Assessment of existing building 
provides insightful benchmarks during refurbishment where the building’s weakest characteristics could 
be addressed, and various renovation strategies can be considered.
3.3 Examples of Currently Available Environmental Assessment Methodologies and Systems in the 
Built sector
There are a large variety of environmental assessment tools existing on the marketplace. These tools are 
designed to fit one or a number of the needs that exist on within the built sector which have been outlined 
above. As has been noted by Crawley and Aho (1999), these tools can often be used outside their intended 
sphere of application, but with more limited success. The section below discusses a number of these tools, 
and their application procedures. These tools cover a wide range of perspectives from simpler stand-alone 
tools for use in design and project inception, to more comprehensive Government backed demonstration 
schemes. These tools are often cited as a means to drive the environmental debate within construction, and 
its implementation, but how can these tools aid in the delivery of a more energy efficient solutions to building 
requirements?
3.3.1 BREEAM (UK and Hong Kong), Building Research Establishment
The Building Research Establishment Environmental Assessment Method (BREEAM) was developed by the 
Building Research Establishment in the UK, and is one of the most widely used assessment methodologies 
of its type in the world. Versions of this tool have already been developed for Hong Kong, and further 
applications are being sought in Australia and Canada. This tool is a voluntary assessment methodology, a 
consensus-based framework that is essentially tuned to the needs of the construction market.
The methodology is constantly updated, and covers the whole life cycle impacts of buildings, apart from their 
future functionality, and end of life issues which are frequently omitted from these methods. The methodology 
is currently available only for office buildings and supermarkets, although more building types are reported to 
be under development. Across these sectors the methodology deals with design issues, commissioning 
issues and also building operation and management. Depending on the nature of the analysis (i.e.: what 
stage the building is currently in) various combinations of these modules can be applied. The output of the 
analysis is always a single score, and this is based upon a series of absolute questions about the buildings 
design, features and management practices, each of which are weighted (Dickie and Howard, 2000) with an 
allocation of a certain number of points. It is interesting to note that of the approximate 600 points available 
less than 20% relate to energy performance issues notwithstanding the much greater actual scale of these 
impacts in the building life cycle.
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3.3.2 GBTool, Green Building Challenge (Worldwide):
Until recently the development of building environmental performance assessment tools has been conducted 
on a national scale. The Green Building Challenge (GBC) however, is a process of international co-operation 
of 14 countries in developing and testing a building environmental assessment methodology known as 
GBTool (Green Building tool). The process began with the detailed evaluation of 34 case-study buildings 
across the participating countries in order to provide a benchmark of international progress in both designing 
environmentally progressive buildings, and in making detailed assessments of their performance. The aim of 
developing an internationally acceptable tool was not necessarily to supersede the large number of 
alternative assessment methodologies already in use around the world, but to move the assessment criteria 
away from strictly those areas considered to be practical and commercially viable, and to generate some 
consensus as to which criteria should be used to assess building environmental performance. Considering 
the size of building related systems, and the scale of the impacts involved, no general consensus had 
emerged as to what constitutes good building environmental performance prior to the Green Building 
Challenge.
The core elements of the GBTool were completed in mid-1998, consisting of two software applications, an 
input model, and an assessment module. The weightings and loadings applied in the model were essentially 
calibrated using case study buildings in each of 3 major building sectors across a number of the participating 
countries, namely schools, office buildings and multi-unit residential buildings. Using the GBTool, buildings 
are assessed against 6 major performance areas, all of which collectively define green building performance 
(Cole and Larsson, 1999). These areas are outlined in Figure 3.1 below.
Number Performance Area ... Performance Categories
1. Resource Consumption Energy
Land
Water
Materials
2: Environmental Loadings Afrbome Emissions :
SoikI Waste 
, Lic^id Waste
Other Waste _ .
3. Indoor Environment Air Quality
Thermal Quality 
Visual Quality 
Acoustic Quality 
Controllability of Systems
4. Longevity ‘ AdaptabOity
Mainter^nce of Performance
5. Process Design and Construction Process
Building Operations Planning
6. Contextual Factors Location and Transportation
Loadings on Immediate Surroundings
Figure 3.1: Performance areas and Performance Categories used in the GBTool. (Cole and Larsson, 1999)
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The first three of these performance areas deals with the more commonly accepted building performance 
measures, whilst the remaining three deal with issues which influence these primary performance indicators 
or which represent broader, but critical environmental issues associated with buildings.
One of the key features in the development of GBTool is the desire for the tool to deal with both quantitative 
and qualitative data, dealing with hard and soft data in a similar format. In some of the performance areas, 
the assessment methodologies are still rather subjective, particularly where qualitative data is interpreted. 
Although there has been little attempt to standardise the way in which such information is processed, it is 
recognised that there is a need to move towards making such judgements as objective as possible (Cole and 
Larsson, 1999 and Cole 1999).
The scoring system employed is relatively simple, and is operated in the range -2 to +5. Performance is 
assessed relative to a datum condition - the zero (0) on the performance scale. It is intended that this datum 
position represents an average or standard practice position for the particular building type in question, in a 
particular location. It is recognised that the availability of recognised industry performance standards varies 
across participating nations, and in this respect the national teams are left to determine and justify suitable 
industry benchmark standard. The determination of this benchmark is critical since all assessments are 
relativistic.
The demanding performance condition (five on the assessment scale) represents a standard that is 
considerably in advance of current practice. This represents a standard which is achievable with current 
technologies, based on reasonable extrapolation from current practice, but ignoring cost effectiveness issues. 
A negative score (-1 or -2) indicates that the performance is clearly inferior to accepted industry norms. This 
result is clearly unlikely wherever the industry benchmark standard represents regulations or codes of 
practice.
Weighting remains a controversial aspect of building performance assessment, but it is clearly necessary 
when the scope of assessment is broad, in order to bring a large number of performance criteria down to a 
manageable and representative number. This is an area where regional conditions are taken into account, 
particularly when dealing with qualitative data where judgements were made either by the national teams or 
accepted experts familiar with the regional environmental conditions and issues.
The development of the GBTool has clearly been beneficial in generating consensus and co-operation in the 
field of building performance assessment. However its application is as yet to be tested, and as actual 
building performance is a combination of what can be achieved, and what the client demands, its true value 
will depend upon its acceptance within the marketplace. The reliance upon relativistic measures was seen by 
the GBC committee to be a key feature of the tool. In order for qualitative and quantitative data to be easily 
combined, however it is yet to be seen how this decision will affect its reception with the wider audience. In 
many ways the GBTool is similar to the BREEAM assessment methodology in that the final result is useful 
only in assessing the performance of one building relative to another. An absolute assessment scale would 
have allowed comparisons between countries which is not currently possible (since the datum condition 
reflects the national situation). Also similar to the BREEAM assessment is the fact that the methodology
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allows for a good score to cancel a bad score when the two are aggregated. It is clear that the process of 
developing GBTool through the Green Building Challenge is as important as the product it delivers since the 
development of a common language and understanding on the subject of environmentally sensitive or 
sustainable construction is of vital importance.
3.3.3 BEPAC, University of British Columbia, (Canada):
This assessment methodology is essentially similar to BREEAM, but is not to be confused with the Building 
Environmental Assessment Club (BEPAC) which operates in the UK (recently disbanded). This methodology 
can be used with new and existing buildings, launched in 1993, deals with 5 major impact categories; ozone 
protection, environmental impacts of energy consumption, indoor environmental quality, resource 
conservation, transportation, and site issues. Again questions arise as to the importance that energy issues 
are given in this methodology as in BREEAM.
3.3.4 ENVEST, Building Research Establishment (UK):
The ENVEST package is a design tool intended to work during the strategic project inception stages where 
some crucial fundamental decisions are made as to the form and function of the building. This aspiration 
would initially appear to sit well with the issues highlighted in the previous chapter. Carillion have provided 
data from one of their PFI projects, the Princess Margaret Hospital (PMH) relocation in Swindon for use in the 
testing and development of ENVEST. One of the scenarios examined using a development version of 
ENVEST was the environmental implications of increasing the levels of wall and roofing insulation.
The ENVEST software is based upon the BRE’s “Methodology for Environmental Profiles of Construction 
Materials, Components and Buildings” (Howard, Edwards and Anderson, 1999) which provides a 
standardised way of carrying out LCA on UK construction products. The BRE methodology covers the 
extraction, processing, manufacture, transport, use and disposal stages of the products life cycle. Its 
assessment method summarises all of the environmental impacts arising from these stages into thirteen 
impact categories covering climate change, atmospheric and water pollution, and raw materials consumption.
Comparisons between Environmental Profiles are always informative, but do not necessarily allow the 
decision maker to reach a conclusion. For example is a product with a high global warming impact which 
does not pollute water resources giving less overall environmental impact than a product which has a low 
global warming impact but produces significant water pollution? Such a conclusion requires the 
Environmental Profiles data in the thirteen impact categories to be combined. In order to combine data from 
different impact categories, each category must be assigned a weight.
BRE undertook a consensus based research programme to weight the issues covered by LCA. The 
weightings represent the perspective of seven UK interest groups, including the public sector, construction 
materials producers and manufacturers, property professionals, environmentalists and academics.
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The results showed a surprising degree of consensus about the relative importance of different 
environmental issues across a broad range of interest groups. This consensus has produced a set of weights 
to convert Environmental Profiles data into a single score reflecting environmental impact in the UK, The 
data in the thirteen impact categories are multiplied by the agreed weight for each category and combined to 
produce an ecopoint score. In this assessment method, the scale of environmental impacts in the UK is taken 
into account. The annual environmental impact caused by a typical UK citizen creates 100 ecopoints. More 
ecopoints indicate higher environmental impact.
The results provided by the ENVEST software in evaluating differing levels of insulation are at odds with 
those of Erlandsson et. al. (1997) who suggests that the environmental impacts of insulation manufacture are 
potentially many times less than the avoided burdens in use (this is discussed further later). The ecopoints 
were calculated comparing different U-values using BRE default building specifications in a model of the 
PMH structure. For example a typical brick and block wall construction was presumed. Importantly the 
building is assumed to be mechanically ventilated, which has an impact on heat loss figures.
Polyurethane insulation was modelled for the walls, roof and floor. In order to achieve a 0.22 U-value, the 
thickness of insulation roughly doubled (from 40 or 50 mm to 100 or 110 mm) in each element of the building, 
compared to the default U-value of 0.45, as required by the building regulations at the time of study. The 
results are summarised in figure 3.2 below.
U-Value 0.45 0.22
Thickness of Insulation Required 45mm 105mm
Ecopoints of Installed Fabric 33,000 75,500
Ecopoints of 60 year heat loss 266,700 248,900
Total Ecopoints 299,700 324,400
Figure 3.2: Ecopoints for Building Envelopes With Different U-values generated by BRE ENVEST software 
(Dickie, 1999, p5).
Although the ecopoints required to mitigate heat loss through the building envelope reduced by c. 20,000 
when the U-value was increased, this was offset by the rise in the ecopoints (by c. 42,000) embodied in the 
building envelopes installed fabric as extra insulation. These results may reflect the weightings assigned in 
the ENVEST model.
3.3.5 BEES, USA:
The BEES (Building for Environmental and Economic Sustainability) methodology is fairly unique since it 
combines environmental and economic variables in the assessment of building systems. The combination of 
these parameters will provide an insight into the way in which these two parameters can be combined. 
However, the BEES assessment tool is in itself unable to promote the cause of energy efficiency since the 
tool does not incorporate the wider use phase impacts other than the maintenance and replacement of the 
component materials. (Lippiatt, 1998)
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The methodology primarily concerns the selection of building materials based on life cycle environmental and 
economic criteria. The goal of BEES LCA is to generate relative environmental scores for building product 
alternatives, using US life cycle inventory data. The impact categories measured against are Global warming 
potential. Acidification potential, Nutrification Potential, Natural resource depletion. Indoor Air Quality and 
solid waste. These environmental impact indicators are aggregated into a single relative measure using a 
multiattribute decision analysis technique which allows the combination of otherwise disparate variables. This 
is done by placing the individual variables on common scales and then weighting each impact category by its 
relative contribution to environmental performance. This weighting of factors is critical to an LCA study and as 
the next section discusses is a key reason why the operative combined performance of components, though 
energy consumption are often omitted from studies and tools of this nature.
BEES converts these relative impact scores into a penalty points system, a similar scheme to the Ecopoints 
used in ENVEST above, but in this tool, 100 penalty points represents the worst possible performance within 
that particular product group.
Lippiatt (ibid) states that in terms of economic performance of products BEES uses the proprietary data 
sources used within the building community. In the US these sources are typically Means (1997) Building 
Construction Cost Data, and future cost data published by Whitestone Research in The Whitestone Building 
Maintenance and Repair Cost Reference. Similar data is published on a national basis in many countries, the 
UK sources are discussed further in chapter 4. BEES measures the economic performance over a 50 year 
period, and uses a discount rate approved in the ATSM (American Society for Testing and Materials) 
standard practice for LCC of buildings and building systems (ATSM, 1993 E917-93).
The overall performance of components is brought together into a single performance score. The 
environmental component is assessed on a relative scale, while the economic performance is assessed as 
an absolute value. Before the two variables can be combined the tool converts the LCC data into a similar 
relative score. The user must specify the weightings assigned to the economic and environmental variables, 
for example a typical assessment (as used in Lippiatt’s paper) may assign a 65/35% relative performance 
score on economic and environmental scores respectively.
While the BEES system is an invaluable integrated approach to building product selection, it still leaves the 
question surrounding energy performance unanswered. The fact that choices can be made on environmental 
criteria without reference to what is commonly regarded as the most significant environmental impact of 
building systems may be to miss the point. The complexity of a system, and an LCA methodology which 
captures both material and building system use phase impacts precluded its development. The following 
discussion looks at other approaches to Building LCA's and whether this approach has something to offer to 
the cause of energy efficiency.
3.3.6 Other LCA Based Approaches to Building Performance:
In most European countries and North America LCA has become a well-known instrument to study the 
significant environmental effects caused by buildings, construction processes and building materials. Life
64
cycle assessment is a potentially complex instrument of environmental analysis since it intends to examine 
the material and energy inputs and waste arising over the whole life of products from extracting the raw 
materials to disposing of the products at the end of their useful lives. LCA allows adjustment of the “scope” of 
study, provided that the study compares alternative approaches in like terms. This streamlining process is 
particularly important in the construction field where literally thousands of components come together on site 
to deliver a product, each component having a different life-span, and maintenance regime. Furthermore the 
life and use of a building over its potentially long, but uncertain life is difficult to predict over significant time- 
scales.
The significant uncertainty over the life of buildings has led to significant problems in considering the “use- 
phase” of a building alongside other life cycle stages. For example Jonsson (1998) considered that the 
methodological uncertainties inherent in the use phase frequently affected the results more than the two 
compared alternatives on offer. It is suggested that only the impact occurring on or below the system level of 
the functional unit should be studied, any impacts arising from higher order systems, particularly within the 
use phase, depends upon conditions from beyond, and not necessarily controlled by the system under study. 
For example in the LCA study of steel and concrete building frames by Jonsson et al. (1998c), only a small 
part of the use-phase energy use can be attributed to the choice of building frame. A much larger proportion 
can be attributed to the choice of heating system, heat distribution, cooling and lighting.
The consideration of the use-phase in life cycle studies is further investigated by Bjorklund (1999). He agrees 
with Erlandsson (1997) and Jonsson (1998a) that the incorporation of the use-phase into a life cycle analysis 
often complicates the analysis due to the magnitude of the impacts in this segment of the life cycle. Bjorklund 
goes further however and suggests that the combination of production and use phases is unhelpful, as the 
activities occurring in these phases are different and serve different purposes, he goes as far as to suggest 
that comparing these two phases is akin to “comparing a horse ride to the activity of making a drinking glass” 
(Bjorklund, 1999, p85).
Instead it is suggested that the production and use phases of a building should be assessed separately. 
These two separate systems are denoted as the Building Material System (BMS), comprising only the 
building materials and products that constitute the building, in order that the demands originally stated by the 
client and the authorities can be met, and the Distribution and Transformation System for Building Services 
(DTSBS) which comprises the human need for heating, lighting, water, fresh air, electricity, and 
communication services, as well as the need for disposal of waste materials. As opposed to the 
environmental impacts in the BMS, the impacts occurring in the DTSBS can be considered to be continuous 
as opposed to occurring whenever components wear out or are replaced.
Bjorklund suggests that the building materials system can be modelled as a hard system, essentially a series 
of well defined, deterministic events, a system which would work well in an LCA. However, for the building in 
use, a soft systems approach is suggested, where relative, negotiable and expressive variables are 
examined. The building in use is suggested to have several purposes related to different actors all existing at 
the same time. The needs of the occupants, and the need for the building may not change, but the way of 
satisfying these needs may, hence the operations of the building and the environmental impact may well
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change over the service life. Because of this, hard system approaches are suggested to be used with care in 
assessing the long term performance of buildings, since they may only embrace part of the real building 
system in use. Few would argue with this assertion, but the ways of visualising and modelling this soft system 
approach, are less clearly defined.
A major flaw in the analysis of Bjorklund is that he fails to recognise that there is an interaction between these 
two systems, and it is with this interaction where many of the major environmental impacts are determined. 
Whilst he recognises that within the DTSBS the scale of the environmental loads are essentially controlled by 
a variety of external (societal) and internal (technical and human) factors, a major controlling factor is the 
nature of the building (BMS) system in guiding human behaviour. This is a very limited and subjective area of 
research, but it has commonly been stated, further details of this can be found in the dissertation on page 18. 
The assertion by Bjorklund that the users of a building will “behave independently of the technical systems of 
a building” (ibid., p76) is unfounded, and research by Baker (1992), Standeven (1998), Humphreys (1971) 
and Heerwagen (2000) presents the view that the design and technical features of the building are a crucial 
means of conditioning human behaviour.
With these considerations in mind, LCA has to date mainly been used to examine only the materials phases 
of the life cycle. Considering the significance of the use phase in environmental life cycle terms, it could be 
assumed that an LCA methodology represents an ideal medium with which to further promote the cause of 
energy efficient approaches. The considerations highlighted above however, mean that as a methodology, 
LCA cannot at present be used as a practical tool to examine the use phase of buildings. The methodology is 
however very much in its infancy, and will certainly have something to offer to use phase studies in the future. 
See the future research described in chapter 6/7 for a discussion on this matter.
One of the key contributions of LCA to the construction industry so far has been to reach some consensus on 
the priorities for environmental inquiry, for example the considerable importance of the use phase of 
buildings. In addressing the significance of the use phase, invariably this will involve changing the 
specification of materials used in the construction process. A simple example of this would be the inclusion of 
additional or higher-grade insulants in order to reduce operative energy consumption. Erlandsson (1997) has 
considered the trade-off between the additional environmental burdens of the supplementary materials 
against the reduced impacts incurred during operation.
Erlandsson et al. (1997) conducted a study to examine the life cycle environmental impacts of various 
thicknesses of wall insulation on a 3 storey dwelling in Sweden. The extra thermal (rockwool) insulation was 
attached to the dwelling on its external faces using special fixing bolts and wire netting, and then plastered to 
give a durable and weatherproof finish. Six different scenarios are considered, no additional insulation, and 
then varying thicknesses of additional insulation ranging from 50mm to 170mm, with a range in U-values from 
1.39 (high heat loss) to 0.19 (very low heat loss). With each of these scenarios, the environmental impact of 
the measure is investigated along with the emissions saved from reduced heating energy use. The life span 
of each measure is assumed to be 40 years which is the manufacturers’ stated life expectancy for the 
insulation products. Erlandsson’s results suggest that the environmental payback period for most 
environmental impact criteria is only a few years of the building service life for the 100mm option. For
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example the extra CO2 produced in the manufacture, transport, fitting and disposal of the extra insulation is 
negated in 2 years of operation due to reduced energy related emissions. Erlandsson concludes that from an 
environmental perspective the impacts of manufacturing, transporting, fitting and disposing of wall insulation 
materials have a “small pollutant effect compared to the saved emissions achieved from reduced heating” 
(ibid, p 135).
This specific sector interest for LCA application has been recognised by the SETAC-Europe Steering 
Committee and it was decided to create a Working Group to deal with LCA specifically in building and 
construction. The SETAC organisation functions as a platform bringing LCA practitioners in the building and 
construction sector together. The large number of participants from all over the world confirmed the need for 
such a specific platform. Global forums of this nature will certainly create a synergy of approaches to LCA, 
and the problems which will need to be addressed before it becomes a mainstream decision support tool 
within the construction industry.
3.3.7 C-2000 Programme (Canada)
One of the more successful methodologies for improving the environmental performance of new buildings 
has been the C-2000 process in Canada. Rather than a methodology per se, the C-2000 is a Government 
funded demonstration process. The importance of mentioning this programme is the level of energy 
performance improvement this programme has had. C-2000 was launched in the early 1990s to demonstrate 
to Canadian industry that high levels of performance, particularly in energy and emissions could be achieved 
without substantial penalties in cost of design time.
This process has consistently delivered buildings with energy performance of some 50% below current typical 
new build practice, a level which was set as an initial target performance for all C-2000 subjects. Although 
energy efficiency was seen to be a central consideration to this programme, other parameters including 
environmental impacts, indoor environment and functionality were also considered in more recent 
applications:
"It was therefore expected that incremental costs for design and construction would be substantial”
(Larsson, 2000, p141)
This programme was designed to create advanced commercial office buildings though the appropriate 
application of modern technologies. It is a relatively small scale demonstration programme, and since its 
inception in 1993, only a limited number of buildings have undergone the full process. The goal of the 
programme has been to demonstrate the feasibility of achieving a high level of energy and environmental 
performance through the application of modern technologies. The programme has undergone incremental 
development since it was set up in the 1990s, but several core elements have remained constant, the key 
factor being the provision of staged financial support and technical support to a small number of development 
teams who agree to conform to the C-2000 programmes whole building performance requirements. The 
goals of the programme are managed through the application of explicit performance targets, careful 
selection of qualified teams and the development of close working relationships with acknowledged experts in
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the field. The programme was initially set up to deal solely with office buildings, however this has since been 
expanded to include multi-residential units.
The C-2000 programme does not advocate a strict procedural approach, but one which enables flexibility in 
application. It is intended that this reduces the administrative burden, while at the same time reducing the top- 
down mode of operation. Larsson (2000) states that “explicit procedures are always desirable since the
reduce the labour of interpretation for participants on the other hand, an emphasis on leading edge
systems makes it more difficult to frame requirements in an exact manner” (ibid, 2000). Larsson then, states 
that the C-2000 approach is about “leading edge systems”, there is no explicit reference to far more basic 
issues of good design which could far more easily be delivered in a convenient procedural package and 
hence be made appropriate to a much wider range of projects. Much emphasis is placed on allowing the 
design team sufficient flexibility to allow them to integrate the requirements of the C-2000 programme into the 
normal design task. A substantial technical support network was made available to the design teams 
throughout. An important point in terms of implementation is the importance of allowing the team to find their 
own “best” solutions to design problems without fear of alienation from the C-2000 programme manager, who 
may for example have their own ideas of optimal solutions.
The requirements of the programme, from both technical and procedural angles published in 1993 are 
contained within a substantial 200-page document. The key programme requirements can be summarised as 
follows;
Process Requirements: This encompasses two key issues, the requirement for teamwork, and the basis for 
payment. Essentially to ensure that “architects and engineers work as an integrated team to the extent 
possible....and include an energy specialist on the team”. The programme would also “compensate architects 
and engineers on the basis of a stipulated sum, or some other basis to ensure that innovation is not 
penalised”. This compensation system was designed to overcome the fact that mechanical engineers would 
usually be paid in a design on the basis of installed mechanical system cost, hence an improvement in 
performance would result in reduced fees for the consultant. Technical support and consultancy is managed 
by the design team, but is available on a quota basis. Reporting is a key element of the C-2000 approach with 
design teams required to submit reports at the end of the outline and scheme design phases. The emphasis 
in these reports is very much on the decision nodes in the process, and in the management of the design in 
order to achieve the targets of C-2000.
Performance Requirements: A fundamental objective of C-2000 was to achieve a significant industry take-up 
of the ideas demonstrated in the programme. In order to ensure this take-up, the C-2000 performance 
parameters were broadened from a basic energy-environment emphasis, to a series of issues deemed to be 
pertinent to a building owner or property developer. These issues are;
■ Energy efficiency of the building and its sub-systems
■ Environmental Impact of the building’s construction and operations
■ Health, comfort and productivity of occupants and tenants
■ Functional performance of building systems
■ Longevity of building systems
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■ Adaptability of building designs and systems to future requirements
■ Operations and maintenance issues related to building systems
■ Economic viability of the building
Despite the comprehensiveness of these components, there is a clear emphasis on energy performance as a 
primary issue in C-2000. In their most basic form the energy requirements of C-2000 stipulate an energy 
performance of at least 50% below national “good practice” benchmarks (ASHRAE/IES 90.1) for office 
buildings and 45% for residential buildings.
Building Design Requirements: This encompasses guidelines relating to the general design and provision of 
facilities in office and residential accommodation. These guidelines include the provision of recycling facilities 
in the building, the separation of areas with different environmental conditions, maintenance of adequate 
fresh air movement within the building, and access for the disabled.
Building System Requirements: This covers a number of specific systems, guidance and requirements are 
designed to help the whole building achieve its overall performance goals. The issues covered in this section 
include landscaping, building services, envelope, plumbing, vertical transport, thermal storage, solar energy, 
thermal recovery, lighting, cabling and office equipment.
The level of funding assigned from the C-2000 programme to a particular project depend upon the size of the 
project, although typically the funding would amount to between 4 and 14% of the total construction cost. 
Examples of completed projects provide interesting case studies for examining the success of the 
programme. What is immediately clear is the fact that nearly all of the buildings achieve a seemingly dramatic 
50% reduction in energy use over national “good practice” statistics. The second observation is that many of 
the buildings, for all the expert assistance and funding which has been directed at them do not seem to 
exhibit any extraordinary or especially unusual features. On one case study office building for example 
(denoted the Crestwood 8 building in the study) achieved the 50% reduction target using a well insulated 
basic structure, a compartmental fan coil system, highly efficient lamps in direct/indirect fixtures, and double 
glazed, low emissivity (coated) glazing in thermally broken aluminium frames. One might suggest that many 
of these features could have been delivered with careful guidance in existing design processes and 
timeframes. Clearly however the recognition of and association with the C-2000 programme gives both 
clients and building owners an extra degree of confidence that the systems will work as predicted during the 
design process. What is interesting to note, is that now the Crestwood developer above has found a formula 
that works, further designs retaining the same features have been commissioned, most recently without any 
additional C-2000 funding. Helping a developer to determine an environmentally appropriate formula would
appear to be the key to delivering a large number of efficient buildings. Hawken et. al. (1999) irreverently
describes the mechanical-engineering standard operating practice typical of large building projects as follows:
■ Take a previous successful set of drawings
■ Change the box that indicates the name of the project
■ Submit drawings to client
■ Building is constructed
■ Client gripes about discomfort
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■ Wait for client to stop griping
■ Repeat process
Hawken et. al. (1999) describes this approach in a number of terms: “safe”, “uninspired”, “big”, “complex” and 
“costly”. A tendency to use a standard formula approach to designing and delivering building systems clearly 
has problems, particularly when the formula is based on a less than satisfactory building. There are other 
lessons to be learned however, that what is appropriate on one building is not necessarily appropriate to 
another. This is important to note in disseminating the lessons of improvement processes such as C-2000 
and that described later in this thesis.
C-2000 was later developed into a wider national programme which operated on a similar basis to C-2000, 
but with a much more “hands off’ approach by the programme sponsors. The target reductions in 
consumption over national building regulations were reduced to 25% given the reduced level of support. The 
two programmes have since been combined, with intermediate levels of support now available. Larsson 
(2000) states that with these new approaches, “an energy improvement level of about 35% is achievable 
without heroic measures” (Ibid, p i43)
C-2000 has clearly proved to be a very successful means of vastly improving the energy and environmental 
performance of new buildings. This approach does have its limitations however, it demands significant levels 
of additional design time, and hence design cost. In almost a decade of existence the procedure has been 
used to deliver 13 buildings. This represents a significant achievement in one sense, but on a national scale 
these benefits are less significant. Evidently, an approach, which is more congruous with current design 
timeframes, is required if a more universal acceptance and application is to be generated. It is clear that the 
lessons learned, as a result of C-2000 will be invaluable in the development of new, more integrated design 
processes. C-2000 has also allowed the dissemination of lessons learned through the application of energy 
models to the construction design process.
The C-2000 programme has demonstrated through active modification of the design process that significant 
energy efficiency benefits can be delivered, and that the additional costs associated with these improvements 
need not add significantly to the capital cost of the building. The C-2000 process relies however on additional 
funding and design time being available. This additional time and capital expenditure within the design 
process is not a feasible option on the majority of building projects. The alternative approach proposed in this 
research fits into existing design timeframes and budgets and as far as possible with existing design team 
members.
3.4 Assessment tools and methods Summary
In holistic assessment tools, issues of weighting are paramount. Such assessment methodologies are 
frequently encapsulating whole building life cycles of buildings. Complications in weighting are common 
amongst building related life cycle studies, mainly because of the large numbers of environmental loads 
varying magnitudes occurring on different spatial and temporal scales. This has been demonstrated through 
the examination of a number of building environmental assessment methodologies, including ENVEST,
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BREEAM, and GBTool. The issues of weighting in this thesis are quite different. It is recognised that in 
holistic building environmental assessment insufficient weight is placed upon the highly significant 
environmental impacts such as energy consumption. These aspects are potentially so dominant that they 
would completely overshadow the multitude of other environmental impacts occurring throughout a building’s 
life, to the point where investing in some important environmental measures would appear almost pointless. 
This research identifies the need for a separate predictive energy modelling tool for building design over and 
above holistic building environmental assessments and LCA studies which provide important, but inherently 
different perspectives on building performance.
The C-2000 is an example of an excellent, repeatable approach to the energy performance of new buildings. 
The costs associated with this approach mainly arrive from the extended design periods and additional 
capital costs. There is evidence to suggest from this programme however, as the example demonstrated that 
developers are willing to take on board the lessons of the approach once a formula has been developed. This 
suggests that the actual capital costs in implementing the design recommendations are quite favourable. The 
additional costs in design time however are not conducive to widespread application. The findings of the C- 
2000 programme are going to be disseminated for an international audience in the near future (Larsson, 
2000b), this will be very useful in reducing the perceived market risk of low energy design. Since the 
development of the C-2000 programme, the UK Government have launched their own programme of design 
guidance called the Design Advice service, this is freely available to the majority of construction projects, and 
gives a day of an energy expert’s time at any stage of a project’s development.
3.5 Development of a New Tool: Requirements and Specifications
The above studies have considered holistic environmental assessment methodologies and LCA studies. 
Energy modelling of building systems is a further means of assessing a single aspect of building 
performance. As the studies above demonstrate, more holistic means of assessing environmental 
performance, whilst important in their own right, are not generally capable of supporting energy efficiency 
related decision making during the design process. The approaches described above typify a wider range of 
currently available building related environmental assessment tools on the market. All of these approaches 
have application in a one or a number of areas in the field of buildings and construction. Promoting good 
energy performance throughout design however depends upon delivering the following information to the 
design teams;
Identify specific energy efficiency options/packages for the project 
Test feasibility and suitability for the particular project 
Assess the costs and benefits of the options 
Understand the significance of the environmental benefits 
Generate consensus within the design team
Presentation of a low-energy case, and other alternative options to the client in a convincing manner 
Seek approaches which maintain or improve the functionality of the building
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With these factors in mind, the need for a dedicated design tool to address energy performance issues 
becomes evident. Although generic assessment methodologies can be used as guidance checklists in 
design, they frequently cannot perform any of the crucial functions outlined above. BREEAM for example can 
only attach a greater number of points for improvements in energy performance, the costs, and wider benefits 
of these additional points are not recognised. Also the measures required to achieve a certain level of 
performance are not forthcoming. As BREEAM does not represent the true environmental impact of energy 
consumption, there are quite frequently more readily available points available elsewhere. This is not a 
criticism of BREEAM since it was never designed to specifically promote the case of energy efficiency, but 
rather a more holistic notion of building environmental performance. Since BREEAM type assessments are 
usually carried out at the detailed design stage when comprehensive design information is available, there 
exists the need for a tool to optimise energy performance before a this type of assessment is carried out, but 
which is complementary to these existing methods.
Energy performance assessment tools have not been considered as an integral part of building design. This 
is since energy used in buildings has “long been treated as an unavoidable expenditure, something more akin 
to a tax rather than a controllable input to the process of doing business" (Strachan et. al. 1998, p212). In 
dealing with 5 major architects during the practical application of this research, the author discovered that not 
one of them had used, or had any input from energy modelling techniques in any recent notable projects. 
Energy performance had been calculated in retrospect upon design completion with little or no influence on 
the development of the design.
There exists a number of software packages and other methodologies on the marketplace which aid in 
estimating the energy performance of buildings, but energy simulation has largely failed to supplant or 
supplement traditional design practices, processes and methods. Understanding the impact of decisions 
made during design upon energy performance is clearly a key early component in raising the profile of energy 
efficiency in the design of buildings. Shymko (2000) suggests a number of reasons for this failure:
“Underlying the above issues is a strong sense of scepticism in some quarters of the building industry 
regarding the accuracy and reliability of simulation. This reputation is not entirely undeserved, and is the 
consequence of:
1. The low level of sophistication of many of the mid-level simulation packages commonly used
2. Improper or unqualified use of high-level simulation packages” (Shymko, 2000, p457)
Shymko then, is an advocate of highly sophisticated tools used by well trained experts. While the latter, 
concerning the level of training is beyond argument, the insistence upon using advanced tools essentially 
precludes their use during the most crucial early strategic parts of the design process, an issue which is 
developed further in the following chapter of this thesis. If the most significant influence is to be sought, then 
such simulation and guidance should begin even before the design process commences. Noted by Shymko 
is the fact that energy modelling processes are “inseparably linked” to the adoption of integrated design. The 
concept of integrated design is discussed in more detail in the next chapter, but essentially considers the 
integration of both architectural and services concepts within a much more effective framework of design 
communication. A question that should be asked however is whether integrated design is a prerequisite for
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energy simulation, or whether energy modelling can aid in the development of more integrated design 
concepts. As was discussed in the last chapter some of the long established design processes and 
procedures will not be easy to transform.
Shymko (ibid) concludes that:
“Energy simulation can be an effective and accurate design tool provided that:
1. Energy engineering and simulation is treated as a separate and specialised design discipline and 
conducted in an integrated design concept
2. Simulation is conducted in a competent fashion to a very high level of sophistication, rigor and 
detail.” (Shymko, 2000, p459)
One of the most straightforward explanations for the lack of interest in energy modelling tools is similar to that 
of life cycle costing, simply that building procurement practice typically lends scant regard to the operational 
performance of buildings, provided that minimum (Building Regulations) standards are adhered to. There is 
an inextricable link between LCC and energy modelling since reducing energy use leads to substantial 
savings in operating costs over a buildings life, both in reduced energy bills, but possibly also in reduced 
maintenance of energy consuming equipment.
In the development of existing building environmental assessment methodologies a number of generic 
components of building environmental assessment tools has become apparent. These basic building blocks 
are implicit in most decision support tools. These include the input parameters, the assessment element, the 
output element, and the translation or presentation element. The requirements for each of these stages must 
be fully considered in the context of energy efficiency, such as what input data is required, what information is 
available, and how the data should be presented to impart an influence (see figure 3.3 below).
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Figure 3.3: Generic Components of Building Environmental Assessment Methodologies
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3.6 The Goal of an Environmental Assessment Methodology: Green Building or Sustainability?
Understanding the purpose of an assessment methodology is crucial both in its development, application and 
dissemination. There are a large number of terms used to describe the philosophy of environmentally 
enhanced design: green design, ecological design, design for the environment and sustainable design, to 
name but a few. There are also some key distinctions to be made in terms of assessment tools, whether they 
promote “green” design, or seek truly “sustainable” design. Considering the relative infancy of the 
environmental debate within the construction arena, and the performance of the majority of current designs, 
only a tiny minority, if any, building projects can claim to have a brief of sustainability. The notion of a 
sustainable design tool however is that it should be framed by the carrying capacity of the earth in setting 
ultimate targets for performance. Green design tools on the other hand seek to achieve an incremental 
improvement in performance, but are not measuring against an ultimate “sustainable” goal.
There has been some considerable discourse as to the ultimate purpose and direction of building 
environmental assessment. This concerns whether the methodologies are seeking to deliver enhancements 
to environmental performance, or whether as Rees and Kohler suggest, acting as orientation tools, 
highlighting the gaps in achieving a sustainable mode of consumption and of living.
Cooper (1999) in response to the Green Building Challenge ’98 conference suggests that there was some 
criticism of assessment methodologies and in particular the GBtool, which was the centrepiece of the 
discussions. The criticism came from two speakers at the conference Rees and Kohler, the latter who has 
cast these arguments in a research paper on the subject (Kohler, 1999). These parties were concerned that 
the emergent assessment methodologies are inadequate in dealing with the problems we have in confronting 
sustainability. The author would disagree with this statement, in that the current gap between existing 
mainstream building environmental performance, and our currently perceived notion of sustainable 
performance is almost too significant to consider “sustainability” as a reasonable short to medium-term 
orientation standard within assessment methodologies. It is agreed that tools and approaches should be 
developed with due regard to the ultimate goal of achieving a sustainable built environment, but the 
challenges of establishing these issues on the mainstream building agenda demands a number of 
intermediate steps. It is considered that research should focus on the ways in which environmental 
enhancement can begin to permeate the mainstream building debate. If the client chain remain unconvinced 
about the benefits of environmental benefits, there will be no voluntary comittment to improving the majority 
rather than the minority in building performance.
In tools which examine a single environmental parameter such as energy performance it is rather easier to 
assign a long term target level of performance, since there are no tradeoffs to be made with other parameters 
afforded greater or lesser performance. It is also somewhat more straightforward to assign realise the 
sustainable level of consumption, and that should be effective “Zero Energy” consumption, essentially 
consuming no more energy than can be supported by local or renewable means.
As has been described previously however the aim of the new tool is not to deliver a limited number of 
flagship green projects, but particularly to influence the decision making process where there is no clear
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mandate from the client on the energy efficiency or other environmental credentials of the project. The very 
nature of the tool, encompassing only one environmental performance parameter, means that it leans more 
towards the green design philosophy rather than sustainable design. However when this is viewed in the 
bigger picture, tools such as this are essential in beginning to close perhaps one of the largest “sustainability 
gaps” of contemporary society.
Chapter 1 has demonstrated that the design process of buildings is critical for the delivery of good energy 
efficiency since the building and services design are key determinants of a building’s performance. The 
design process is considered further in the next stage to examine the barriers that exist to achieving energy 
efficient approaches. A proposal for a new energy design tool will be created from these observations.
Examination of the design process for this research has highlighted a number of deficiencies of the design 
process, some of which are long recognised characteristics of the construction design process, and others 
less known. The next chapter will discuss the design process in more detail, and from these observations a 
new design-oriented energy assessment tool be presented.
In order to deliver increased energy efficiency, the tool must be able to assist in permeating the current 
barriers to achievement within the industry. These barriers stem from the organisational and communication 
practices, and should be borne in mind when developing a new tool. These barriers to energy efficiency have 
been well documented, and are highlighted in the section below. This section is intended to give a general 
introduction to the situation, a more detailed examination of the constraints within the design process is given 
within the next chapter, and some less widely appreciated barriers are discussed in the case studies within 
chapters 5 and 6.
3.7 Barriers to Energy Efficiency
Even when well designed and executed tools are available to those involved in the design and specification of 
buildings, the current low significance of building energy performance during design means that any attempts 
to break out of this mould will always face barriers. Many of these barriers have been well documented in the 
literature, but working on live design phases in a number of major projects during the development of this 
thesis has led to the discovery of further barriers and issues to be addressed. These will be brought out in the 
results section in Chapter 5 and then examined later in the discussion section. Chapter 7.
The fact that buildings perform so poorly compared to current available techniques is a function of a number 
of interrelated factors, usually socially constructed, and these factors are often termed “barriers to energy 
efficiency” in the literature. The nature of these barriers concerns the structuring of the construction industry, 
the communication and design processes and the preconceptions and beliefs of clients. In addressing the 
substantial environmental impact posed by energy consumption it is crucial that these barriers are examined, 
both through the literature, and directly through live construction projects, and that any proposed solution is 
developed with these existing constraints firmly in mind. It is only by working within, and trying to address 
these barriers that appreciable improvements in energy efficiency will be apparent.
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Literary discussions of “barriers to energy efficiency” exist on many levels, from Sorrel (2001) for example 
who exhaustively discusses and summarises the myriad of barriers that exist to energy efficient approaches, 
and their theoretical foundations, to Shove (1998) who proposes a fundamentally sociological framework for 
understanding these barriers. The research described in this thesis suggests that it is during the design 
process where many of the barriers can be seen at work, where many of the choices which affect building 
performance are made. A more detailed discussion of the nature of this process and the constraints, which 
are posed by this process, are discussed in chapter 3.
One of the key characteristics if the construction industry is that of the competitive tender, through which a 
contractor or design/build consortium are selected on the basis of competitive tender, usually at lowest cost. 
This fixation with cost, and the poor communication between the parties fuels the adversarial nature of the 
industry and is the root cause of many disputes. Very low profit margins present the contractors with a 
significant incentive to cut costs. Sorrel (2001) and Winch (2000) suggest that the contractual structures can 
also contribute to an over-specification and excessive “safety margins” in design parameters. This exists 
since the designers carry the responsibility for building defects, and yet many of these factors are significantly 
influenced by the quality and nature of the construction workmanship. To accommodate for these potential 
defects designers and consultants can include high safety margins in for example heating or air conditioning 
systems which are oversized in relation to the anticipated loads. The subsequent outcome is that the systems 
will operate at only part capacity, which is detrimental to energy efficiency. These factors are significantly 
influenced by the procurement route through which the building is commissioned and managed, although 
such characteristics are rarely absent from building projects. More information on procurement routes and 
the implications for energy efficiency are given later in this introduction.
Sorrel (2001) further discusses the barriers to energy efficiency in a number of case studies relating to the 
higher education sector. These barriers can be summarised in the table below:
Barrier to Energy Efficiency Discussion
Capital Cost Dominance Energy inefficient buildings not only consume more energy 
over their life cycles, but also more heavily depend upon 
artificial services and therefore cost more to maintain. These 
additional expenditures represent a significant financial 
burden for building owners and operators. Consultants and 
contractors have little incentive to reduce whole life costs, 
and frequently the client (as developer) has little interest in 
long term building performance. Despite the public sector 
insistence that “best value” rather than “least cost” tendering 
being the recommended procurement guidance Sorrel’s 
(2001) study suggests that this guidance is not heeded. 
Futher support of this assertion is made in this thesis in 
Chapters 5 and 6, where this phenomenon is seen to occur 
even in flagship public sector PFI proiects.
Project Finance and Time Constraints It is a well accepted fact that capital and operating costs do 
not come out of the same cash stream in most building 
projects, hence the problems in comparing them in like terms 
during design processes. Time constraints in contracts are 
also apparent, the belief, whether correctly or incorrectly that 
energy efficient buildings demand greater design work works 
against the adoption of such practices.
Lack of Integration in Design Process Integrated design is an environment which the inter-linkage 
between diverse disciplines is well established, and the
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means of cross communication between these parties is 
solid. This integrated team approach is essential in the 
delivery of green buildings. However typical practice is more 
compartmentalised thinking, and integrated design teams are 
rare.
Building Services in the Design Chain Lack of integration within the design process means that the 
services design is not considered in unison with the building 
design, orientation, glazing, form and layout. Building 
services engineers, who typically come last in the linear 
design sequence are presented with a sub optimal building, 
and need to use services to overcome some fundamental 
weaknesses in the design. This can lead to a compromised 
services layout and design with poor efficiency and 
maintainability.
Overspecification and Oversizing of Services Over-specification can arise as a result of a number of 
factors. Perhaps the most important is that below. Although 
over-specification is not a term used by industry practitioners, 
defence of this jDractice suggests it is often considered 
necessary in order to retain building functionality during future 
development
Consultants / Specialists Fee Structures Specialist engineering fees in UK construction are commonly 
based on the capital cost of building services which 
incentives over-specification.
Commissioning of Buildings The final part of the building delivery chain before the building 
is handed over to the client. Time spent on building 
commissioning is important, not only to ensure that the 
systems are working correctly, but also to ensure that the 
building operators and users understand how to use these 
services to optimal effect. If the project falls behind schedule, 
the commissioning period is often seen as the route through 
which lost time can be clawed back. This can lead to controls 
which don’t work properly, users who don’t understand how 
to use the controls, not least the confrontation this will involve 
between client and contractor, further breaking down 
communication.
Competitive tendering Contractors selected on the basis of least cost alone, 
contractors must pare down proposals to win the contract, 
and their small margins may be maximised by cutting 
corners, reducing specification in areas which may not be 
apparent until the building is in operation.
The barriers described in the table above are inherent features of the construction industry which arise from 
deep seated organisational and communication processes. Considering the nature of these barriers it is 
unlikely that policy measures such as the Building Regulations in their current form could address them. 
Addressing these barriers will depend upon taking a multifaceted approach. Building regulations are currently 
failing to deliver an acceptable minimum standard of building performance, but addressing these barriers 
identified above is a different agenda. Further consideration of these barriers is given with a more detailed 
examination of the design process in chapter 3.
One of the most significant needs is the development of design tools that aid in overcoming some of the 
barriers associated with the design process and indeed the whole construction structure. The nature of 
design tools is considered in brief later in this introduction, and again in more detail in chapter 2. Despite the 
obvious need for awareness training in the fields of energy efficiency and sustainability, these issues have 
been considered secondary in the reform agenda, the Egan report of 1998 does not explicitly mention these 
issues despite being implicit in the flavour of many suggested initiatives. Methodologies such as the widely 
used BREEAM assessments for assessing the energy and environmental performance of buildings, are
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invaluable in creating a common language between interested parties, and provide a basis for a voluntary 
code of practice in achieving environmentally acceptable design solutions. What is perhaps even more 
important however is understanding the limitations of tools such as BREEAM, how alternative tools can be 
used in synergy and finally what additional tools are required in delivering efficient buildings. “There is also a 
need for much greater awareness of the economic benefits of energy efficient buildings amongst clients” 
(Sorrell, 2001, p16). The general awareness of the economic implications of energy efficient design 
throughout the delivery chain is generally lacking, and this leads to cost estimated being based on past 
experience and technology, and from anecdotal evidence (explained in chapter 5) these are invariably 
inflated. The section below discusses an alternative view of the barriers to energy efficiency, and adds a 
further challenge in the development of design tools, that is, in possession of the correct information, will the 
decision maker act in a rational manner?
Shove (1998) considers that one of the most significant barriers to energy efficient approaches to buildings 
arises from the way in which both Governments and research bodies approach the issues of energy 
efficiency, an essentially top-down technocratic approach. Shove (1998) suggests that these socio- 
technological barriers are perpetuated by what she calls a “conventional package of beliefs” in which social 
barriers are treated in the same manner as technical ones. She suggests that this conventional package of 
beliefs permeates research exercises, and that the barriers are described and solutions sought in technical 
terms using terms such as technical potential, efficiency gaps, non-technical barriers, and technology 
transfer. Shove poses a pertinent research question in stating:
“Research and development is intended to generate new knowledge, so exactly what new knowledge
is required to promote the cause of energy efficiency?”
This EngD research postulates that in fact, no new knowledge is required, but a fundamental restructuring of 
existing knowledge, and its setting in new frameworks, with fundamentally different “ownership” of that 
knowledge. Shove describes the conventional package of beliefs in terms of three “attractive” characteristics 
that perpetuate its existence. The first of these issues is deeply embedded in scientific policy. There is a 
notion that governments should support basic research, and that this research should lead to development 
and application. This imposes a very top-down view on the development of knowledge, and takes little 
account of the front-end issues in the development of building practice, issues of risk and reliability. It is 
suggested that despite these limitations this characteristic is attractive since it provides an automatic 
justification for research funding, targeted in those areas where there is considered to be a market failure, or 
areas where the market is unlikely to take the necessary risks. A classic example of this would be 
photovoltaics, a technology which in the current climate has little to offer in terms of increasing the efficiency 
of the building stock, but which attracts significant government funding. Shove’s second characteristic is also 
socio-political, in that these individualistic theories of technical change and market economics produce very 
politically uncontentious responses, typically “waves” of energy efficiency material targeted to people viewed 
as “socially anonymous citizens” (ibid). It is noted that these programmes can be pursued without the need 
for engagement with wider political issues or to the relative power and conflicting interests of institutions or 
organisations. Shove’s final characteristic deals with the interplay of the social and technical, which places 
the technical researcher in a privileged position, it is these people who dictate the technical fixes upon which
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energy efficiency depends. A distinct task for the sociologists and economists is to clear the barriers for the 
implementation of these technical approaches, and Shove argues that often even these tasks are overseen 
by individuals with an engineering background.
What Shove fails to recognise however is that building energy efficiency is not solely about hard technology. 
Architects and design teams are also failing to harness the basic characteristics of the local climate 
generating buildings that are increasingly isolated from their surroundings. This cannot be described only in 
terms of a failure of research programmes and governments, but also a failure from within the building 
delivery systems themselves. These non-technical approaches can be as basic as getting the building 
oriented, insulated and glazed correctly. This is not what Shove is eluding to in her view of “technology 
transfer”, but it is here where the “low hanging fruit” in building energy efficiency currently lies. These are soft 
technological issues, and the fact that these issues are not currently being utilised gives a greater insight into 
the nature of the energy efficiency “barrier”. Bordass and Leaman (1997) suggest a framework for 
considering strategies for excellence in building performance. It is the “fit and forget” strategies which are 
particularly useful, since they operate in the background, and the building user needs to take. It is here were 
the immediate opportunities lie, and insurmountable barriers mentioned in Shove’s paper do not, or should 
not apply here in the manner she described. Shove’s view however, is further supported by Lutzenheiser 
(1993) who suggests irrationality in the actions of clients in construction industry i.e.: that simply the 
presenting the relevant information to those parties is not enough to encourage supposed “rational action” 
(which is to invest in the seemingly financially beneficial energy efficiency solutions).
The current level of energy consumption in buildings and its significance on a national scale means that this 
issue is “critical to a sustainable future” (Sorrell, 2001, p i). It is demonstrated later in this research how new 
buildings offer the most significant opportunity in delivering energy efficiency. Whilst it is clear that new 
buildings represent only a small fraction of the total building stock, it is important that the correct decisions 
are made now within new buildings in order to achieve an incremental improvement in building energy 
efficiency over the long term.
The UK construction industry is currently undergoing significant reform, so much so in fact that many 
professionals have pointed towards a potential “initiative fatigue”, such is the bewildering array of innovations 
and agendas at work (Construction News, 1998). The fact is however that although these innovative 
approaches have demonstrated their worth on a small number of projects, there is still a wide gap between 
best and typical practice. Sorrel (2001) suggests that the link between industry reform and the climate change 
agenda needs to be made urgently to ensure that the scale of construction related climatic impacts, and the 
measures required to address them are incorporated into policy making.
The relative insignificance of new construction in annual energy consumption figures has often been used as 
an justification for neglecting new build standards, considering the depth of opportunity available on these 
projects, and in promoting incremental improvements this view is deeply flawed, and promotes a vicious 
circle of poor performance. This viewpoint has been put forward on a number of occasions, usually by senior 
industry professionals, most recently in response to the proposed revisions to the UK Building Regulations
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with respect to energy efficiency by both homebuilding companies (BSEE, 2001) and building services 
engineers.
“Environment minister Michael Meacher [was] told by CIBSE representatives that making new 
buildings more sustainable will be totally inadequate in meeting a target of a 60% reduction in 
building related carbon emissions by 2050. It was explained that buildings are replaced too slowly for 
improvements to new stock to yield the level of emissions reduction needed....He was warned that 
neither of these objectives will be possible without more legislation to enforce energy efficiency or tax 
incentives to make sustainability a financially viable option” (BSEE, May 2001, p2)
Whilst it is clear that the existing building stock needs to be included in the vision of a more sustainable built 
environment, this should not be seen as an justification to neglect the clear and advantageous opportunities 
available on existing building projects.
The choices made during the design and operation of buildings are crucial in reducing the potential 
environmental impacts of the building. The discussion of the barriers to energy efficient design has suggested 
that design tools are crucial in enhancing the education of construction teams and supporting environmentally 
sound decision making. There are a wide range of tools and potential approaches available to the 
construction professional and decision-maker, each delivering slightly different perspectives on building 
performance. Understanding these approaches, their benefits and their limitations is crucial not only in 
addressing these barriers, but also in developing new approaches and bridging the knowledge gaps.
3.8 Bridging the Energy Efficiency Gap: Summarising the issues
It is clear from the discussion in this chapter that there is a bewildering array of environmental assessment 
tools already in existence. These tools all provide different perspectives on environmental performance. In 
seeking to improve the energy efficiency of the building stock, although many of these tools may have a part 
to play, the central role will be played by a tool which focuses much more closely on building energy 
efficiency, and energy strategies.
Many of the tools described above fall into the “green” building design framework, that is they seek 
incremental improvement rather than the definitive end goals of “sustainable” design. This should not 
necessarily be seen as a weakness, as one of the major factors in the application of these tools will be their 
credibility in the marketplace, a market that is currently characterised by buildings with poor energy and 
environmental credentials. Given the proven significance of energy efficiency in whole life environmental 
performance of buildings we have a strong steer as to the first major steps to be taken in achieving improved 
performance. The use of “sustainable” design tools as described by Kohler (1999) and Cooper (1999) will 
undoubtedly become increasingly important at a time when the energy supply and efficiency of the building 
stock is such that the relative performance of the life cycle stages of the building against earth’s carrying 
capacity levels is less clear cut.
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So how can an improvement in building energy efficiency be made? Many of the answers to this lie in the 
deeply embedded process and current practices within the construction design and procurement process. 
Tools do have a part to play in helping to support the correct decisions in relation to energy efficiency, but 
these tools must be developed to deal with these currently constraining factors or barriers.
Energy Design and Modelling tools are widely available, but as was highlighted throughout chapters 2 and 3, 
they are not currently a common feature in the design process. Where they are used, they are often not done 
so at a stage where cost effective improvements can be made to the proposed buildings, and are not an 
integrated part of the design decision making process. Without generic procedures and frameworks for 
applying these tools, and challenging the boundaries, their effectiveness and utilisation will be limited. The 
next chapter will examine the proposed new design tool developed in response to these findings.
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Chapter 4: Energy Toolkit: Design Decision Support Procedure
The design phase of buildings, and in particular their architectural and services components have been 
highlighted as important components in developing a more energy efficient built infrastructure. Design tools, 
and assessment methodologies are not a new concept in the built sector, and with all of these tools and 
approaches already on the marketplace, one might expect the trend in building energy consumption to be on 
a downward slope, but this is not currently the case. It is apparent from this observation, that in the main, at 
least in the UK, the current group of tools are not having a significant impact upon the way in which buildings 
are designed or commissioned with respect to energy efficiency. In the production of this thesis 5 major 
architects in the UK were consulted as to the previous experience they had of the use of energy modelling 
tools, and none of these parties had any first hand experience, with one architect noting that such work, when 
required by the client is contracted out. The problem therefore would seem to be the uptake of the tools 
rather than any inherent weaknesses in the tools themselves.
The proposed solution to this situation has been the development of a new tool which is complementary to 
the existing approaches, but which fills an important gap in current thinking. This tool will have to prove itself 
as a valuable addition to the design process, an indispensable tool that rapidly integrates with a designer’s 
work. The tool must promote efficient approaches to the brief and pre-design phases, encouraging a more 
effective linkage between architectural and services concepts, and the full understanding of the life cycle 
costs of the proposed options.
4.1 The Energy Toolkit: Birth of an Idea
The approaches described in this chapter have been developed through the live involvement with a number 
of PFI projects. The initial approaches were developed through experiences at the Princess Margaret 
Hospital Relocation project in Swindon, UK, a project that has received much critical acclaim for its 
environmental features and issues surrounding sustainable development. Examination of the approaches to 
energy efficiency revealed that the first assessment that was made as to the likely energy consumption of the 
building was not undertaken until well into the detail design process. Many fundamental decisions 
surrounding the design had been set without an opportunity for optimising these variables in energy efficiency 
terms. In examining some of the past design decisions which had been made with respect to the finalised 
design, it appears that some significant improvements to the potential energy efficiency were made while 
addressing other parameters, without knowledge of their positive effects on energy efficiency. These 
efficiency benefits arose from repositioning the clinical departments in order to improve the functioning of the 
hospital, but at the same time the plan form of the hospital was changed and courtyards were introduced into 
some of the deeper spaces within the hospital. This reduced the dependence on electrical lighting, and also 
gave some benefit in terms of passive heating. These observations were made using the LT method during 
this tool’s trial, and the results of that assessment can be found in the 30 month progress report in volume 2.
Since the Government good practice, and typical practice are generated from typical hospitals, it is to be 
expected that a new hospital with new glazing technologies, efficient plant and more effective thermal 
performance should significantly outperform these indices. The new hospital was projected to do so, but the
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design team was unsure of how the hospital was performing against what could have been done within the 
cost and other constraints available. It was these impressions which gave birth to the notion of an Energy 
Toolkit, a procedure which not only optimises performance from the outset of the design process, but one 
which also allowed the team to keep track of later decisions and their influence upon performance.
4.2 Energy and Environmental Assessment In the Design Process
Many building environmental performance assessment tools have not had such a widespread uptake, 
application and results that their initial potential has suggested. The reasons for this have been discussed on 
the basis of a number of examples in chapters 1, 2 and 3, but the main reason is that they have failed to 
recognise the demands of the design process in terms of timeframes, the nature of the information required, 
and its availability. It is true that many of the assessment approaches were never conceived with the needs of 
the design process in mind, but it is widely accepted that the design of new buildings represents one of the 
most significant opportunities for these approaches.
Computer-aided tools are being increasingly used to support the design process, and many of the 
approaches described in the previous chapter are indeed computer based. In terms of energy assessment 
tools most however are usable “only in the latter stages of the design and, even then provide only limited 
support” (Steele et. al., 2000, p1). The more holistic tools described in the preceding chapter generally major 
on ease of use to encourage their adoption within the design process. Energy assessment tools on the other 
hand do not generally fall into the same category, and there exists a shortage of tools that support the energy 
efficient design of building throughout conceptual design.
Existing energy assessment tools have largely not recognised the social interaction of the parties involved as 
dictated by current building contracts, or the multitude of stakeholders involved in shaping the final product, 
these being clients, architects, contractors, building owners/tenants/users, financiers and regulators. The 
presence of these stakeholders means that new approaches to this problem should touch, and influence all 
of these parties, a crucial part of achieving a mutually acceptable result. The tool should integrate readily with 
existing practice, but also challenge those constraints where necessary. A tool can only be effective when it is 
used in an appropriate manner, and the prerequisite of this is that it should be appropriate to the process to 
which is to applied. The challenge should not to be apply the process, but instead to act upon its results.
The proposal presented within this research seeks a wide influence by challenging the current design and 
contractual processes from within rather than from the outside of the problem, a bottom-up approach to 
energy efficiency.
The level of energy efficiency understanding within the design community is quite low, and this is discussed 
using a practical example in the following chapter. In order for a significant improvement in design processes 
to occur it is important that the whole of the design team are involved in the energy efficiency challenge, and 
that a mutual understanding of the opportunities, constraints, and wider implications of the options is 
developed. The design team must share a common level of understanding upon which to build a framework
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for design led dialogue, and communications about the available design options, both to the wider internal 
and external communities, particulariy the client.
The purpose of this chapter is to explain the development and functioning of a procedure through which to 
overcome the “Energy Paradox”, defined in earlier chapters, and explain how the main practical shortcomings 
of alternative energy assessment routes are to be addressed in this application. The chapter will also give a 
detailed examination of the functioning, scope, specification and limitations of the tool.
Significant environmental improvement within the built sector can best be achieved by making processes and 
procedures applicable to a large range of projects rather than seeking to produce a limited number of green 
showcase buildings. Such an approach will potentially seek to condition and shift the thinking and actions of a 
large number of people. The design process is currently an inherently flawed linear process, any design 
procedure which seeks to influence this situation clearly has to seek to influence the process as well as the 
availability of information to guide the decision process. The process must also be flexible in aliowing the 
design team the necessary freedom to experiment with options, and to enter into more effective dialogue with 
clients and other design stakeholders.
Considering the dominance of cost in shaping the built environment, this parameter represents the ideal 
springboard from which to demonstrate energy efficient approaches. Considering the fact that industry 
professionals have a tendency to overestimate the costs of energy efficiency measures, this would prove an 
ideal basis from which to build an approach. Currently the estimation of costs of buildings and their services 
is a major threat to the incorporation of energy efficient technologies and approaches. This situation has been 
highlighted by Bartlett and Howard (2000) who suggest that “cost consultants seriously overestimate the 
capital costs of energy efficient measures and seriously underestimate the potential for cost savings and 
value added as trade-offs” (ibid, p324).
Chapter 3 considered the implications of considering energy efficiency measures at various stages of the 
process. Many energy-modelling tools lose much of their effectiveness since the nature of their input files 
essentially precludes their use during design inception. If the design starts with a mandate of energy 
efficiency, then these tools can be of use, but most projects do not, and the development of such approaches 
depends on the effectiveness of such tools early in the design process, ideally before architectural design 
begins. This will set the precedent, and ensure that the fundamental parameters of the design are 
approached in an efficient manner.
The window of opportunity in the design process is a finite period of time over which the design team can 
influence the energy and environmental performance of buildings during their development. Considering the 
iterative nature of the design process this opportunity diminishes with time, and at a point this window of 
opportunity expires. The exact time of expiry depends on the nature of the feature, and for example services 
can be modified at a very late stage of the process, even during construction. However, for most building 
systems the window of opportunity expires long before the project reaches the on-site stage. A generic 
window of opportunity is demonstrated in figure 4.1 below.
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Figure 4.1: The “Window of Opportunity” in the Design Process
Delivering an energy efficient building depends on a number of factors discussed in chapter 1, but basically 
described in the location and performance of the building envelope and structure, the performance of the 
services, and the behaviour of its occupants. Although it is not possible to consider these items as mutually 
exclusive features, it is clear that every one of these factors must evaluated and optimised in unison, before 
the building can be considered to be truly energy efficient. One of the key problems in delivering an efficient 
building is that “complication [is] added before the fundamentals have been made efficient” (Bordass et.al.. 
2001, p114). What this means is that the basic structure and building envelope, actually one of the most cost 
effective means of dramatically reducing a building’s energy consumption, is not optimised before the 
services requirements are established. The result of this is a services design on a non-optimised building 
structure, and already two of the factors which are essential in the delivery of an efficient building have been 
compromised. What is needed is a means to assess the fundamental building structure before any design 
activity takes place, and to ensure that the fundamentals of the design have been optimised before any 
detailed technical energy efficiency measures are proposed.
The Energy Toolkit, the working name for the new procedure, has been compiled to meet the specific needs 
of the design team members during the early design stages. The constraints to energy efficiency can are both 
internal and external to the design process, some for example are evidently client driven issues. An 
understanding of these constraints is crucial to implementing design tools, which in order to be successful 
must to a certain extent permeate these barriers. The practical observation of a number of live project design 
phases has determined that the following constraints are critically important to consider when proposing a 
design tool. These constraints are presented in the order of their potential significance:
■ The lack of project specific information and guidance to the design team during the inception and outline
design activities, and the apparent inactivity of current design tools in the “design opportunity window”
■ The clients brief, and the design team’s interpretation of that brief is weak with relation to energy
efficiency issues, and the design team do not currently have the tools to develop an energy performance 
brief/specification themselves
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■ The perceived power of the client with design contracts stifles proactive thought and process within the 
design teams
■ The route through which energy efficiency information is made available, the top down approach to 
technical dissemination, and the tendency towards showcaseism (high profile demonstration projects 
which have little bearing on the thinking in mainstream construction practice)
■ Inappropriate fee structures encourage over-specification in building services
■ Weak ongoing communication between client and design team throughout the design development 
period
■ The poor communication of energy design potential to the client and low levels of shared interdisciplinary 
knowledge within the design teams
■ The use of historical data and/or rules of thumb in setting energy targets for individual buildings which do 
not take into account current standards and practices. This sets a precedent at the inception of the 
design which continues throughout its development
■ The tendency to overestimate the cost of energy efficiency features and strategies within the current 
design information system
■ Consideration of energy efficiency features and strategies on capital cost terms alone
■ The low understanding of the potentials of both passive and active technology within building projects
■ The lack of information concerning the environmental significance of building energy performance on a
project specific basis.
■ The regularity with which energy efficiency measures are targeted during “value engineering” exercises 
where whole costs are not universally considered
Considering that the tool will have to work with, or overcome these constraints and challenges, it is
considered that the tool should be able to adhere to the following output specifications:
The production of accurate and timely information to inform the design decision making process during 
pertinent stages in the early design process or “window of opportunity”
The ability to work with the resolution of design information available at the time of application, with 
reasonable allowances made for data sensitivities at this stage 
The production of data that is meaningful to all parties in the decision chain
The production of data though which new channels of communication can be opened with respect to
clients and end users
A process which can be managed and applied by existing design team members 
A protocol through which design decision and actual vs. predicted energy performance can be recorded 
and archived for future reference and feedback 
A process which can work within existing design timeframes 
Promote the practical application of Life cycle costing
Examine the implications of future energy price rises on energy efficiency packages and strategies 
A tool which demonstrates the financial implications of investing in an energy efficiency measure, and a 
simple payback period in a number of economic climates
A tool which allows the discount principle to be applied with caution, and that allows the sensitivities of 
discount rate selection to be easily tested, and the implications demonstrated.
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■ Provide a framework and dialogue through which clients can re-evaluate their approach to energy 
efficiency issues
The majority of these characteristics are social and socio-technical in nature. The procedure has to provide 
hard decision support to the design teams, while at the same time fostering the necessary communication 
and relationships both between design team members and between client and contractor. These two 
characteristics are synergistic since one cannot survive without the other. C-2000 (Larsson, 19XX), a 
procedure against which any new energy assessment tool will be evaluated, does not rely on the 
development of a channel of communication with the client, since the process only operates with clients who 
have previously agreed and signed up to the programme. The crucial factor here is how to convince the 
agnostic speculative client to take these issues on board. This characterises the Energy Toolkit from C-2000, 
in that ET does not seek to attain absolute optimal performance on a limited number of buildings with already 
enlightened clients. Instead it will seek significant environmental improvement by being applicable to a wide 
range of building projects and client viewpoints, developing the necessary collective understanding to achieve 
its goals.
The procedure is designed to address the specific issues outlined above and in so doing promoting the case 
for energy efficient approaches. These issues are both technical and non-technical in nature, and the central 
theme within all of them is the issue of shared knowledge, across both contracting, design and client 
organisations. A culture of design excellence needs to be fostered, where the aim is to exceed and inform 
clients expectations with regard to environmental and energy efficiency measures, to help them understand 
and be involved in the decision making process where appropriate. Closer working relationships during the 
design development process are sought. Energy performance issues are dependent upon developing an 
understanding in all members of the design team, not simply the mechanical and electrical consulting 
engineers, as has traditionally been the case. A procedure will never be able to make a decision for the team, 
but it can aid in understanding the implications of the decisions they make and add an extra dimension to the 
decision making process.
It is considered that the tool should be able to be used by an existing member of the design team, with 
appropriate training. As part of the C-2000 programme, Larsson considered the potential pitfalls and 
limitations of allowing largely untrained users to manage design decision tools. The main problems arose 
from the energy assessment tools where at least a basic knowledge of the functioning of the software is 
essential in ensuring satisfactory and representative results.
Learning from the problems encountered in applying C-2000 to the design process represents a valuable 
example from which to work in applying the Energy Toolkit. These limitations and potential pitfalls primarily 
relate to the use of energy modelling tools. The first potential pitfall concerns the accuracy of the input file, 
this input is dependent upon the correct interrogation of design information and the use of the most up to date 
design information. Making assumptions which are reasonable and acceptable to the simulation program are 
also crucial, something which is highly dependent on experience. Errors in the simulation programs 
themselves are also not uncommon (Larsson, 2000), and therefore it is especially advisable to use software 
which has undergone a documented assessment procedure, and that results have been tested against actual
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buildings. The C-2000 programme overcame these issues by employing an experienced analyst on the 
design team. Typically the additional cost of increasing the numbers on the design team would not prove to 
be an option considering the likely increase in initial costs, at least in the current market.
Additional modelling problems arise where the simulation program does not allow the adjustment of the 
parameters desired to perform an assessment. A typical example of this is openable windows, which can 
cause problems for assessment tools. The influx of air from openable windows demands separate and 
detailed modelling which means that advice should be sought on airflow rates which are specified in the 
models. Such limitations can be overcome to an extent with attempting to “trick” the software, but this 
obviously places greater demands on the users knowledge and experience. Independent modelling and 
expertise is also required to assess the performance of wind and solar generation systems, and the suitability 
and functioning of CHP installations.
4.3 The Energy Toolkit Design Procedure
The procedure proposed has been developed through practical engagement with 8 live construction projects. 
The procedure aims to promote energy efficient approaches by introducing concepts at the earliest possible 
stage of building design inception. The procedure aims to address all those issues that are noted as current 
constraints and barriers to delivering good energy performance, including procedural and socially constructed 
barriers. By developing a collective team awareness of the environmental and economic implications of 
energy performance, it is suggested that the measures developed through the energy toolkit will form 
prominent criteria within the design deliverables schedule. Awareness begins from the optimisation of the 
basic building structure and envelope and develops from therein. A collective team awareness will ensure 
that the principles and features of energy efficiency will be better protected against “value engineering” 
approaches during later stages in the design development.
Value Engineering
It Is interesting to note that even In PFI pm jæ ^ where tW  œnsortium bear capital and operating costs, value 
engineenng exercises are still conducted in W W W n on these two (x^t dements. There exfets a clear desire 
within such exercises to squeeze costs out of every possible Building component rather than out of the 
building as a whole. The Energy Toolkit data has successfully defended the case fw  maintaining design 
critical features such as enhanced Insulation or glazing units within tfrese exercises. It is dear however that 
simply having the figures on the table is often not enough. What is required Is an individual or team who 
understand the Issues and can demonsfrate the case presented in the data.
Processes are aimed to be flexible providing guidance as to what information is required and when, but it is 
not so detailed as to be prescriptive. The process should be structured, but is intended to be a medium 
through which ideas can develop and can be tested rather than a rigid procedure which can never be 
appropriate for all types of project and team.
The procedure as developed seeks to examine the potential for adopting energy efficient approaches in the 
design process during pre and early design activities. This is achieved in the production of a series of
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recommendations, which Initially seek to influence the orientation, glazing. Insulation and other basic 
foundations of an energy efficient approach. These Initial recommendations are generated through structured 
Interrogation of an energy assessment tool. A refined series of recommendations are Integrated Into the 
design deliverables schedule, and are delivered through the design stage by the architects.
The output of the procedure Is a dataset that Is meaningful to all members of the design delivery chain, 
figures which make sense at the front end of the design, and In the boardroom. It Is Important that the costing 
predictions are an accurate reflection of the true costs of Installing energy efficiency features, and hence both 
additional and avoided costs should be captured.
The procedure Is divided Into three stages (see fig 4.2). These stages are designed to reflect the specific 
needs of the design processes during outline to detail design activity. These stages are outlined below, and 
more details of exactly what happens In each stage and why Is given throughout the chapter.
Stage 1 2 3
Optimal Design Period Pre-deslgn/Outllne
Design
Scheme Design Detail Design
Purpose Achieve optimal balance 
In basic building 
characteristics. Seek 
synergy between 
architectural and 
engineering concepts
Apply and test 
appropriate energy 
efficiency strategies
Confirm performance Is 
acceptable, and 
predictions are accurate
Figure 4.2: Basic Structure of “Energy Toolkit” procedure.
The procedure Is undoubtedly most effective when applied during pre-design activities (I.e.: before the 
process of architectural design). This situation allows maximum Influence of the principles of energy 
efficiency, and enables the lessons that arise from the modelling process to be used as criteria for active 
design development, rather than as retrospective design evaluation criteria. Although the procedure will be 
run through both design management and estimating functions It Is Imperative that the results “Infect” all 
aspects and disciplines of the team.
It Is sometimes the case however that the buildings In question do not allow the procedure to be used In this 
manner, and this Is In most cases where the procurement route minimises the contractor’s Influence on the 
design. In procurement routes such as PFI, the design Is wholly managed by the contractor, In a consortium 
employing their own architects and consultants. As has been noted elsewhere however, the structure of a PFI 
contract Is not In Itself enough to guarantee energy efficiency or good whole life performance. This procedure 
must overcome these contractual constraints within PFI to become fully effective. This chapter will 
demonstrate how these Issues are to be addressed. Since the ownership of the tool Is to be widespread. 
Including key corporate clients, contractor Involvement Is not essential In order to examine the outline options. 
However, as the tool Is a major opportunity to foster earlier working relationships with clients, early dialogue 
between client, architect and contractor should be considered beneficial.
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Design/Build contracts frequently offer a similar level of design control, but additional constraints are added 
since the client may have little interest in funding features that enhance whole life performance, since she/he 
may simply want to sell the building on.
The full functioning of the energy toolkit procedure is outlined in figure 4.3 below:
-  Use LT M ethod  to  assess basic energy 
perform ance o f design options.
-  Advise on basis o f this w hich  design 
should be selected from  an energy  
perform ance perspective.
Energy
Assessments
Procedure
- Establish design brief
-  Prioritise Low Energy Strategies
- Perform  'Building Design' 
energy assessment
- Detail potential environm ental 
benefits
-  Selection o f outline design based on  
design criteria
Costing
Assessments
-  D efine Design Parameters w ith  
respect to  Design-to-Cost Procedures
- A pply predeterm ined set o f  Low Energy 
Strategies to  selected design,
- Rank measures according to  im pact on 
energy consum ption using Energy 10 
(or similar evaluated) m ethodology.
- C om pare to  reference case (i.e. Building  
Regulations) to  determ ine %  saving.
• C reate reference and lo w  energy cases
■ Calculate potential energy saving
• Perform life-cycle cost calculations
■ A pprove or reject strategies
- Consider l i f e  Cycle Cost o f each scenario using 
defined m ethodology.
-  C om pare environm ental Perform ance w ith  
econom ic perform ance.
-  Divide options in to  those w hich are autom atically 
recom m ended (user-defined m axim um  payback 
period) fo r selection, those w hich require further  
research (Ecological Investments), and those 
which are not recom m ended.
IPIFf D.ewellopiiiii.ent y
- C onfirm  Selected Scenarios w o rk together.
-  Perform final Energy Analysis and  Present 
Perform ance S tatem ent, and potential overall 
energy savings.
■ C onfirm  perform ance goals have been m et. 
- C onduct final validation analysis (TPS).
-  A dd  Energy Efficiency Scenarios to  overall 
C ost Plan.
- C onfirm  savings are realistic.
-  C onfirm  th e  to ta l cost savings w h e n  all th e  
favourable scenarios are considered together.
-  Prepare Life Cycle Cost Perform ance Status
ITN Response Contract Signed
Figure 4.3: The Energy Toolkit High Level Process Map. PFI Development stages are also highlighted.
Essentially figure 4.3 describes a central procedure which is supported by two information streams, these 
being energy assessments and environment/cost assessments. This research has not focussed on the 
development of a new energy assessment tool since it is determined that there are sufficient tools currently 
on the market to satisfy most building types. The key argument however is that the tool must be suitable for 
the particular building project to be undertaken, not only in terms of the project type and size, but also the 
stage of its development, and the experience of the user. Many well-respected energy assessment tools were 
rejected since they required specific CAD enabled computer systems with large screen and other non­
standard capabilities. Certain core tools will be appropriate to all applications. Energy tools do not in 
themselves enable the design team to optimise the design, as with any model an energy assessment tool will 
simply show an output dataset based on a the data input parameters. The crucial parameter here is how the 
user should manipulate the model, and what results should be used for further analysis, furthermore the 
procedural framework in which the energy modelling sits, acts as a guide to inform the user what type of 
analyses should be used, and when.
90
A decision tree has been put forward demonstrating all the tools which have met the required specifications. 
A CAD based tool, Cymap is included since it is an internal tool within Carillion’s TPS Architectural Services 
division, and is deemed a potentially important means of corroborating results during detail design when firm 
energy targets are presented to the client (see stage 3 in the above figure 4.3). A key feature of the 
procedure is that it works in synergy with existing processes in architectural practice, but adds a new 
temporal dimension and focus to the issue of energy performance within the design process. Energy related 
issues are inextricably linked to environmental performance, but the current view of energy issues within 
design are akin to an “unavoidable expenditure [or] tax rather than a controllable input to the process of doing 
business” (Strachan et al, 1999, p212)
It is important to note that the Energy Toolkit is designed to be used during the strategic early phases of 
building inception, and hence must be compatible with the information resolution at this stage, the data 
availability and requirements are simple here, and the tool should reflect this.
4.4 Energy Tools: Selection Protocols
Essentially a building energy assessment tool uses a building description provided by the user and converts 
these parameters into an assessment of how much energy the building will use over a given period of time, 
typically a year. Tools vary in complexity and function, from simple whole building assessment tools using 
many fixed values, to those which examine one aspect of a buildings energy consumption for example 
heating, in more detail, but with little indication as to how those parameters are affecting other aspects of 
building performance. Key differences also arise in the method of data input required, some of the more 
advanced tools use a graphical interface usually though C.A.D (Computer Aided Design) based packages for 
an automatic interrogation of design data. Such tools obviously place significant information demands on the 
design process, essentially precluding their use during the strategic periods of the building design 
advancement.
Energy assessment tools which are commonly used in the design process tend to be those whose complexity 
means that they are unsuitable for use during the early stages of the design process. The tool required for 
this research should be able to work in the earliest phases of the design process when little detail about the 
proposed buildings may be known.
At the time of initial investigation it was not known whether such tools existed on the market. A full survey of 
energy assessment tools was undertaken. This was done through a number of routes, a literature survey, an 
internet based market assessment, and a research exercise using BEPAC (the UK Building Environmental 
Performance Assessment Club) and Building Performance Assessment Association research projects. It was 
intended that this approach would yield a wide range of potentially suitable tools worldwide.
A whole building energy performance assessment tool was sought, this means a tool which encapsulates 
whole building parameters of (at least) lighting, heating, cooling and ventilation. Some energy tools also 
encapsulate small power, plug loads, and hot water demand. Covering the whole spectrum of energy
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consumption in this manner means that the figures can often be compared against national statistics, and 
real data to give a direct comparison of relative performance. Using the search approach described above 
approximately tools were found which outwardly appeared to fit the initial requirements for a whole building 
energy modelling tool. These tools are listed below:
1. AK Warm 24. Hevacomp
2. APACHE (UK) 25. Home Energy Saver
3. ASEAM 26. HOT2 XP
4. BLAST 27. HOT2000
5. BuilderGuide 28. HOUSE
6. Building Design Advisor 29. LT Method
7. Cymap 30. LT for Europe
8. DEROB-LTH 31. IDA
9. DOE-2 32. MARKET MANAGER
10. LT Method 2.0 33. Micropas4
11. LT for Europe 34. NewQuick
12. EA-QUIP 35. REM/Design
13. EE4 CBIP (Used in C-2000 programme) 36. RIUSKA
14. EN4M 37. RL5M
15. Energy Plus 38. SMOG
16. Energy-10 39. Solar-5
17. Enerpass 40. SolArch
18. ENER-WIN 41. Sunday
19. Envest 42. TAS
20. Esicheck (Used in BREEAM) 43. Trace 700
21. ESP-r 44. TRNSys
22. EZDOE 45. TSBI3
23. HAP v4.0
Basic criteria were stipulated in order to filter the large number of tools down to around 5-10 or less to be 
considered further in detail. At the outset of this process it was not known whether one tool could satisfy all 
the demands of various building types and functions required. Carillion’s construction activities cover a full 
range of building types from office, leisure, public sector, educational, and transport terminals, a broad span 
of the construction market. The main construction function omitted from Carillion’s portfolio is that of 
residential property following the recent sale of Carillion’s Contract Housing division. However residential 
contracts are relatively frequently tendered through a PFI route either for social housing schemes or for 
University and Military-type accommodation. Should more than one tool be required to cover the whole range 
of construction activities, then a further matrix was proposed to enable the user to select the most appropriate 
tool for a particular building type.
These basic criteria for pre-selecting energy assessment tools were as follows, these have been divided into 
those features which are deemed essential (and why) essential, and those which are desirable:
4.4.1 : Features of an Energy Assessment tool 
Essential Features:
1. HEATING: Specification of Heating Parameters (Heat source, method of transmission, thermostatic 
control)
2. COOLING: Specification of Cooling Parameters (Method of Cooling: Passive/Active, Design 
Temperatures and tolerances)
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3. VENT : Specification of Ventilation (Natural/Active, Flow rates, heat recovery systems)
4. INSUL: Variability available on: U-value of envelope components
5. LIGHTING: Adjustment of lighting options and controls, including daylighting strategies
6. LEAKAGE: Variation in air leakage performance
7. GLAZING: Able to change glazing parameters and characteristics
8. FORM: Able to examine alternative plan shapes and story configurations
9. NAT VENT : Ability to deal with openable windows and natural ventilation
10. CLIMATE: UK Climatic data compatibility (Most tools originate from Europe, USA or Australia with few 
exceptions. It is imperative that if a non-UK sourced tool is used that the climate data and output units 
can be tailored to the UK situation)
11. MASS: Specification of Thermal Mass of building components in order to examine the potentials of 
thermal storage
12. ROTATE: Ability to rotate building and examine the performance of the building in alternative orientations
13. DESCRIBE: Simple parameters for describing building form, avoiding graphical (CAD) interfaces (a key 
issue of user friendliness)
14. USER: No specific programming experience required (user friendliness) and intuitive input parameters
15. SYS REQUIRE: Software which will run on a standard PC without any specialised system demands (i.e. 
processor speed, screen size and other basic hardware requirements)
Desirable Features:
16. SPEED: Computer based package allowing fast adjustment of orientation, glazing and insulant properties
17. HOLISTIC: The ability to calculate hot water, small power, plug loads, and catering energy consumption, 
such that the generated data can be compared against national statistics
18. SIZE: Applicability to a wide range of possible building sizes from multi-unit residential/student facilities 
(approx. 2000 m2) to large office and heath buildings of up to 60,000 m^
19. SYSTEMS: Applicable to a large range of building types determined by HVAC systems and lighting 
options
20. COMPARE: Ability to compare two alternative design/specification options and compare performance of 
these within one simulation
21. OUTPUT: Output in KWh/m^ (most common form of energy performance indicator in UK) and GJ/100m^ 
(Used in Health Sector for all energy performance indices)
Absolute Requirements
22. AVAIL: Availability of the Package for testing/evaluation and use.
The matrix in figure 4.4 demonstrates all the tools and whether they meet the criteria assessed above. The
criteria were assessed where possible through demonstration versions, or through promotional literature and
e-mail/telephone responses.
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Energy design tools generally exist in two grades, research class and commercial class. Research class 
products tend to be far rawer in their presentation, user friendliness can be a problem, and user support 
manuals have often not been produced in a substantive manner. However research class products tend to be 
widely available, and easy to evaluate, since often full versions of the software can be downloaded from the 
web or requested from the individuals concerned free of charge. Commercial tools obviously have 
advantages since they also offer a full support network, and can often tailor the software to specific user 
requirements. The main problems with commercial software are the evaluation procedures, demonstration 
versions do not always allow a full appreciation of how the tool works, and any further insight would usually 
incur significant expenditure. It is rare for full versions of software to be made available on a trial license 
basis.
Energy performance software may form part of a wider environmental analysis tool. A typical example of this 
type of tool is the UK Building Research Establishment’s (BRE) ENVEST tool that examines both energy and 
material related environmental impacts of buildings. The purpose of tools such as this mean that they are 
often unable to be interrogated to the detail required to support an energy efficiency programme like the 
Energy Toolkit.
The LT method was initially selected as a potentially valuable tool in ascertaining the outline design 
parameters. The main limitations of this approach were that insulant properties and other construction 
properties could not be adjusted within the model, since this was one of the inherent fixed variables. Also the 
manual nature of the calculation demanding a significant amount of manual data handling and interpretation 
do not generally allow a rapid comparison of design options. These issues are currently being addressed in a 
new version of LT which is fully computer based and overcomes these initial functional reservations. The new 
LT tool under development, called “LT for Europe” is part of a wider project which aims to make the new 
approach a generically applicable tool for the full range of European construction situations. The situation is 
being monitored closely as to the availability of this tool, and a subsequent review will be undertaken.
The tool which would appear to best fit the requirements, and a UK based application is that of EsiCheck. 
This software is used by BREEAM assessors to present BREEAM points to a buildings relative energy 
performance. The software is referenced frequently by the BRE in papers which deal with issues of energy 
performance. The program was developed by the Electricity Council in London in the mid 1980s, in response 
to the need for a quick estimation of energy requirements (particularly electrical) and maximum demands, for 
engineering. It was based on studies of the energy consumption in 80 buildings (EA Technology, 2001). In 
discussing the tool with the vendor the following details were obtained:
“For individual buildings monthly energy consumption and maximum demands are calculated for 
every building service, using average external day and night temperature values for four different 
types of weather day in each month, and taking into account the effect of thermal mass and solar 
gains. Climate data is available for 18 regions of the UK. For electricity, the energy and maximum 
demand figures are split into daytime and off-peak night time periods. The program has built into it 
the characteristics of a wide range of building types, and heating and air conditioning systems. This 
greatly reduces the amount of information required from the user, although many items can be
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redefined by the user. It is easily possible to define a building and complete calculations for several 
options within an hour.” (Wright, 2001, p i)
Repeated attempts were made to obtain this software for testing, but the distributors are currently restricting 
access for the official BRE and BREEAM applications.
Traditional approaches to building energy simulation are exemplified by the CIBSE method in which the whole 
building is manually broken down into a number of separate sub systems with specific individual 
characteristics. This methodology is used as the basis for a number of computer based simulation tools, 
which use equations derived from these individual parameters in order to derive values. These equation 
based tools represent the more recent approach to energy issues (Sahlin, 2000). The field of energy 
simulation is evidently growing, and the matching of tools with the requirements posed by this research 
demonstrate that in achieving more efficient approaches, further development is required.
“There is still a shortage of commercially and technically stable tools” (Sahlin, 2000, p14)
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Feature
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12. Rotate
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14. User
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IG.Speed
17.Holistic
IS.Size
19.Systems
20.Compare
21.Output
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Pass
Marginal
Fail
Figure 4.4: A comparison of Energy Toolkit requirements with the selected tools on the market.
The tools above were organised into three categories, those which were available and functionally suitable, 
those that were functionally suitable, but not currently available, and those which were functionally unsuitable. 
LT for Europe and EsiCheck, fit into this secondary category since they are currently unavailable, yet 
outwardly appear to fit the specified criteria. Developments with these tools are continually monitored, along 
with any subsequent new developments. New developments were monitored through the (now defunct) UK 
Building Performance Assessment Club Research Updates (BEPAC, 2001), and the international network, 
Building Simulation and Assessment Association. Other resources available include the US EREN DOE
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programme which contains a posting board for tools and their contacts world-wide, many of these tools are 
US based, and the complete range of tools available are not yet fully represented.
The Energy-10 tool matched the criteria well, indeed better than most other tools, but not entirely. The main 
reservations about the tool was that it could only deal with smaller, less complex buildings, and that the 
climatic data has only limited UK compatibility, since this is a US based tool. Although users exist outside the 
US, the majority of Energy-10 users are in the USA. It is not strictly correct to say that Energy-10 can only 
deal with smaller buildings, but rather it cannot deal with buildings featuring more than two discreet thermal 
zones. In an office building for example, an atrium or entrance hallway are considered as separate “zones” 
since the heat balance in these spaces, and hence the way in which those zones are served mechanically 
and electrically is inherently different. Computer models deal with these zones as discreet areas of the 
building. In some larger buildings a two-zone restriction may not prove to be an issue, but it can present 
problems. This is discussed later in the next chapter of the thesis where an attempt is made to apply Energy- 
10 to segments of an acute hospital with 6 discreet thermal zones prescribed by the arrangement and 
functioning of clinical departments.
The UK climatic data compatibility was addressed by interfacing the Energy-10 and its datafiles with a global 
climatic database known as Meteonorm, (GPL Scientific, 2000). This program will produce weather files for 
all regions of the UK, and convert the files into a format which can be read by the Energy-10 program.
The training sessions run for staff have proved the Energy-10 tool to be confidence inspiring, easy to use and 
intuitive in its operation. The conclusion of this analysis is that although there are a number of tools on the 
market which assess energy performance of buildings there remains a gap in the market for a widely 
applicable tool to support the energy related decisions in the early design process.
4.5 Costing Procedure: Design
Cost is widely recognised as a key shaper of the built environment, and hence it needs to be carefully 
considered in any process that seeks to influence the output of the construction design process. Considering 
the remarkable showcase examples of energy efficient design have frequently demonstrated the ability to 
design and build a low energy building without the incurring significant additional capital costs is intended to 
use the cost angle as a major driver in decision influence, despite the goal focus on energy efficiency. This 
presents the need to develop an approach to costing within the research as well as that of energy 
performance.
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Figure 4.5: The basic chain of events leading to adoption of energy efficient building solution
Figure 4.5 above demonstrates the generic chain of events that will lead to the selection of an energy 
efficiency scenario. This scheme must work in synergy with the design process itself, and considering the 
nature of design activity significant modifications will be required to this linear decision making process. The 
reference to stakeholder communication means the other members of the project team, including where 
possible the client. Value judgement refers to situations where the client is still under a competitive tendering 
process, and hence the design/project team must assess the wider value of the strategies as differentiators 
in winning the bid. In a competitive situation it is frequently the case that buildings are honed to such a fine 
degree that very little may separate the competitors, and if all other criteria are met, then these second level 
“differentiators” are seen as powerful means to influence the verdict.
As discussed in Chapter 1, life cycle costing, although a widely appreciated concept has failed to achieve 
widespread application in the field. It is not intended to revisit these issues again, but instead to discuss the 
features of the LCC strategy in relation to this research. The most important factor is making LCC an 
applicable decision making tool and creating the necessary communication framework to allow the decisions 
to come to fruition. The process needs to be both transparent, appropriate, and easy to use and disseminate.
One of the major problems with LCC has been its considerable perceived complexity. When whole buildings 
are considered LCC analyses are indeed highly complex both in terms of the data requirements for analysis, 
and in terms of the expertise required in interpreting and manipulating the results and large data sets. In 
considering energy efficiency scenarios however, it may not be necessary to model the whole building. The 
LCA concept of functional units can be borrowed in order to develop an alternative approach. It is imperative 
that two like systems are compared in such studies and that both additional and avoided cost are captured for 
the low energy system. The apparent tendency for industry to overestimate the cost of energy efficiency 
features is in part due to the fact that avoided costs (for example avoided plant costs when improving the 
efficiency of the building envelope) are not typically included in a financial analysis, and hence the systems 
are only considered as a function of their additional costs (Lovins, 2000) (Bartlett and Howard, 1999).
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In view of the uncomfortable alliance of the discounting principle, and that of sustainable development as 
discussed in chapter 1, it is intended to use this method in order to allay any client fears about the validity of 
payback periods. The vital component of the financial analysis from this point of view however is to enable 
the user to understand the sensitivity of the rate they choose to select, to the decision being made. The 
costing tool should challenge the user wherever the rate they are selecting is having a large influence on the 
outcome of the analysis. It is only in these instances that the discounting principle is a contentious issue. It 
can be seen in the results and discussion elements of this thesis that the discounting principle may not 
represent the threat to energy efficiency discussed in chapter 1.
It is proposed that low energy solutions be compared to a reference example. In the first instance the 
reference example should be that of minimum building standards or building regulations where appropriate. 
The reference case could similarly be a past project or recent historical data for the sector. Using historic 
data for older buildings is unrealistic since they are likely to be built to standards below that of the statutory 
Building Regulations, and therefore do not represent a realistic model of how a new building should perform.
Mimicking the iterative nature of the design process itself, the initial low energy case may later become the 
reference case as the building becomes more refined and optimised in terms of its energy efficiency. The two 
systems represent an alternative method of delivering the same basic service to the building. Two alternative 
buildings are described in terms of the components required to complete the functional unit, and the energy 
consumption of the two alternatives. It is important to note that some energy efficiency scenarios can only be 
considered in conjunction with other features. For example an insulation improvement strategy is only made 
fully effective when elements of thermal bridging in the building are also reduced, and that uncontrolled air 
leakage is minimised.
In the initial stages of the design the costing is generally used to optimise the external envelope, and since 
the component selection at this stage is very coarse, this part of the process can be made as automated and 
as simple as possible. The important factor during this stage is to very quickly give a steer as to the 
appropriate orientation, glazing characteristics and insulation regime for the building. It is during these stages 
where the most simple and often overlooked basic energy efficiency schemes can be examined. Payback 
periods for these basic features are often very short, in the period of 1-5 years, the capital expenditure is 
usually small, and the savings usually large.
The tool is also important in supporting the later stages of the design process, in determining the exact 
ventilation strategy, the most appropriate heating and lighting systems, comparing passive with active 
systems where possible. The costing tool can also be used to examine the implication of a wide range of 
specific energy projects, from solar water heating, renewable energy to innovative building heating and 
cooling services. Essentially the tool can be used to examine any building system where a comparison of 
alternatives with different component and energy performance characteristics is required.
In formulating an LCC strategy for this research it was considered both the level of design information 
available at the early stages, the way in which the estimators work in costing these initial designs, and the 
type of output data which is required to assist and influence the process. During outline design activities
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costing processes are based upon indicative costs, so for example a building proposal may contain 8000m^ 
of brickwork, and that number is multiplied by a cost per m  ^which includes the cost of materials and labour. 
This cost per unit area is often based on past experience, and actual cost data from constructed buildings. 
This experiential knowledge is also supported by various “building price books” which give indicative costs 
based on actual market data (an example is Spain, 2000). Where there is little cost data or the building 
involves innovative or uncommon components, data is sought directly from manufacturers. It is rare however 
to have discussions with suppliers and subcontractors at these early stages. The cost data therefore is dealt 
with on a very broad basis at these phases, and any costing tool should recognise and be able to work with 
this level of data resolution.
The uncertainty in future energy prices has been highlighted as a major determinant in shaping client opinion 
with respect of energy efficiency and other aspects of whole life performance (Hasset and Metcalf, 1993). 
The major problem arises when trying to ascertain the future cost of energy which depends on so many 
variables. One of the most comprehensive assessments of potential future cost and demand for energy is 
provided by the DTI’s Energy Paper 68, (DTI, 2000), but this does not provide independent costs for 
electricity, only the primary fossil fuels from which the electricity may be generated. The Royal Commission
for the Environment, in their report on "Energy and Environment ” (RC, 2000) suggest a number of
possible fuel scenarios up to 2050 and conclude that costs in generating energy as we move towards more 
renewable sources are unlikely to exceed double those of the present, notwithstanding inflationary increases. 
In trying to achieve more definitive assessments of a range of potential future energy scenarios, particularly 
that of electric in the medium term, all of the major electricity suppliers/generators were contacted, but 
without exception were unable to provide any thoughts or formal assessments. It is evident that future energy 
prices, from their currently depressed state will more closely reflect the true environmental and social costs of 
its consumption. Basing cost assessments on current energy prices alone while underlining the integrity of 
many energy efficiency options which payback regardless of this stipulation, is clearly not a realistic basis 
from which to assess options in future economic climates.
Other information sources considered are the widely recognised Sutherland’s Domestic Heating Cost 
Comparison tables, which when printed every year give an indication of the past fluctuation in energy costs. It 
must be stated however that the level to which past costs can be considered to be a true reflection of future 
prices, given the very different nature of environmental variables at work is questionable. For example in 
examining the real cost of energy over the past 20 years, the costs have been steadily declining in most 
sectors as the graph below taken from DTI statistics show.
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Table 4.6: Real Trends in UK Energy Prices by Fuel and Sector (1980-2000). Real numbers reflect the index 
relative to the GDP deflator. (Adapted from DTI, 2000)
Future energy prices are unlikely to follow the downward trend set in the last 20 years. Predictions of future 
energy prices are exceptionally risky given the huge number of potential influences, from national and 
international military conflict to government taxation. Commercial organisations do offer a statistical service 
for future energy prices, but these are typically short term forecasts in the order of 5-8 years. An example of 
these statistics is the Swan Energy “Energy Briefing” Document (Swan Energy, 2002) see figure 4.7 below. 
For this research such indices can be transplanted into the cost model, although modelling would usually 
start with data assuming a constant price for energy over the study period.
Product Type Units 2003 2004 2005 2006 2007
Electricity <1 MW p/KWh 4.08 4.24 4.37 4.56 4.86
>1MW p/KWh 3.98 4.14 4.28 4.46 4.75
Natural Gas INT Gas p/Therm 26.51 27.72 26.40 26.72 27.30
Firm Gas p/Therm 30.12 31.76 29.69 29.45 29.99
Figure 4.7: Indicative future UK Energy Price forecast for commercial grade supplies (ex. Vat) (Swan Energy, 
2002)
LOG is in many ways in a similar situation to that of energy modelling tools in that where they are used, full 
analyses are not typically undertaken until the design is in a relatively advanced state of development. One of 
the main reasons for this is that an LOG analysis involves the gathering and summation of a large dataset 
representing the economic performance of the building over a defined period on a component by component 
basis. This scale of study is unfeasible during early design activities where the pace of design change and 
development is rapid, and the hence the requirement to develop a more streamlined approach to LGG during 
these stages.
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The majority of energy efficiency strategies contain a mixture of additional and avoided costs, and it is 
important that both these elements are captured. This forms one of the many fundamental requirements for 
the LCC tool.
A summary of the requirements of the LCC tool are as follows:
■ Integrate energy costs in life cycle costing analyses
■ A streamlined LCC assessment of the long term costs of implementing low energy building solutions
■ Library of basic cost information for envelope components to allow rapid production of cost data during 
early design
■ User specified cost data for specific strategies
■ A sensitivity analysis on the basis of discount rates
■ A sensitivity analysis on the basis of possible future possible increases in energy prices
■ Environmental outputs based on CO2 emissions, and conversion into more meaningful indices (E/tonne, 
car miles per occupant/yr etc)
■ Details of actual predictions for future energy prices based on national/international statistics
The actual economic analysis is not complex enough to warrant the use of an external software product,
although there are a number of tools offering LCC expertise in the marketplace. The LCC component of the
model will be developed through a spreadsheet application (Excel). This will be continued until such a time as 
the model development is being constrained by the Excel programme. Although this is perhaps not initially 
ideal in terms of user friendliness, it does allow the user to adapt and modify the model if they so wish to 
reflect the nature of their specific project. It is proposed that by using colour keys etc, the potentially large 
data input records can be broken down to make the sheet easier to use.
The specification of the spreadsheet is as follows:
■ Component by component data input parameters for major energy efficiency strategies
■ Consideration of low energy approaches against a reference functional unit (based on building
regulations or historical data)
■ Basic decision tree to indicate the energy efficiency options which are likely to be available for the 
building type and location.
■ Database of building envelope indicative costs to speed the analysis
■ User libraries for storing cost information
■ Variable total study periods
■ Breakdown of system costs into capital and operating components
■ Functional Unit comparison ensures all additional and avoided costs are considered
■ Energy Costs and projected consumption’s calculated for both reference and typical buildings
■ Energy Tariffs based on national statistics
■ Financial variables adjustable by user including discount rates, inflation rates, interest rates and cost of 
borrowing
■ Automatic sensitivity analysis based on discount rate selection, energy tool accuracy, and future energy 
prices
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■ Environmental analysis based on CO2 emissions and conversion into indices, which are meaningful to 
the lay audience.
The purpose of the spreadsheet is to allow a rapid assimilation and assessment of the most pertinent design 
information. It is not intended to be the sole means of decision making, and other factors will be considered 
on the basis of existing procedures in terms of whole. If the features are considered favourably and become a 
permanent feature of the design the information surrounding any additional or avoided componentry can be 
added into a full building LCC analysis if the user desires. The reference building is an integral part of the 
spreadsheet, providing a baseline for comparison the analysis. This building is based on either building 
regulations or historical data and modelled using the same energy assessment tool, to provide a minimum 
performance standard. Considering this benchmark is considered as a minimum, it is interesting to note that 
this reference building will commonly outperform the Government’s “Good Practice” BRECSU benchmarks 
for such buildings, casting doubt over the value and purpose of such statistics in the design and analysis of 
new buildings. Further insight into these statistics will be given in chapter 5 and 6.
The source data for performing analyses are sourced from a variety of avenues. A variety of data sources are 
available to ascertain the expected life, maintenance requirements and associated costs of various 
construction and service aspects of the building, the most respected (by clients) UK sources are:
A) HARM Component Life Manual
B) BCIS Building Cost Information Service
C) PSA Costs in Use Tables
Manufacturer’s data or the practitioner’s judgement can be used where data is not available, but this lends 
itself less weight when dealing with clients, especially where the data forms a sensitive part of the decision 
process.
The spreadsheet output has proved invaluable in demonstrating the value of energy efficiency techniques 
and approaches, particularly on the University of Hertfordshire PFI residences scheme (Chapter 5 contains 
full details). Here, the results surrounding the basic building features such as insulation and glazing have had 
such a significant impact on the environmental and operative cost performance of the project that the 
features were protected during value engineering exercises despite the clients desire to eventually reduce the 
capital costs of the £60m project by £10m. The capital cost of the additional features was small compared to 
the project value, but considering the very competitive nature of the project, there were no large savings to be 
found on the scheme, but rather a large number of smaller savings. Finding the £10million saving depended 
upon gradualiy encroaching on all building components and either slightly reducing specification, or 
eliminating the component altogether. Although the rejection of the basic energy efficiency strategies was 
discussed, it was considered on the basis of the information from the spreadsheet to be far too important to 
the strength and integrity of the bid to be eliminated. This might not have been the case for the emerging 
technologies such as renewable energy schemes with much more significant capital expenditures and longer 
operating payback periods. The performance of the proposed residential development at the University of 
Hertfordshire remains far in excess of Government indices notwithstanding the capital cost cutbacks.
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4.5.1: Functioning of the Costing Spreadsheet
This section discusses the functions and operation of the costing spreadsheet. The screenshots below refer 
to a real project example. This section describes the basic functioning of the cost model, how to input data, 
and how to obtain results.
The first step is to assign a study period to the analysis. This has a very important bearing on the results 
since the many components of an energy efficiency strategy have a life expectancy of less than the building 
itself, and the number of times that item will have to be replaced within the study period can influence the 
outcome. In PFI projects a study period would frequently be aligned to the concession period over which the 
contracting consortia are responsible for the upkeep of the buildings.
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Figure 4.8: The Data input parameters for the LCC spreadsheet.
IF
step  2 is to describe the low energy solution to the model as a series of components and projected energy 
consumption figures. In the case below an assessment is being carried out on the financial and 
environmental performance of an improved envelope specification. The output of the Energy-10 modelling 
tool is an understanding of for example the most favourable envelope specifications in term s of U-values, 
w indow specifications and building orientation. These are interpreted into a series of components, required 
to achieve this prescribed level of performance, and the projected energy consumption of the building with
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these features in place. In order to complete the input, a life expectancy and m aintenance schedule should 
be included, but this is only important where that schedule deviates from the reference case described 
below.
In order to ensure an objective analysis and to provide a benchmark level of performance a reference case is 
described to the model in step 3. This reference case is built up of the same components as the low energy 
case, but using products of a lower specification. There may also be additional costs associated with this 
solution in terms of sizing of plant equipment, but avoided costs in the absence of additional wall structure to 
support thicker cavity wall insulation. The detail of this analysis will depend on which stage of the design 
process the assessm ent is being undertaken.
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Figure 4.9: Financial Variables in the LCC Model
Step 4 in figure 4.9 involves assigning one of the energy price increase scenarios to the analysis. It is typical 
to undertake and analysis using a “current price only” scenario in the first instance, and then adjusting the 
scenario later. Step 5 involves the selection of discount rates to determ ine net present values (NPV). Users 
can define discount rates themselves, use a net of inflation discount rate calculator by inputting their own 
level of inflation and interest rates. Finally a discount rate sensitivity is set which later dem onstrates the 
sensitivity of the low energy option to the discount rate selected for the analysis.
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These input parameters are placed into annual cost-flows that can be checked by the user. The low energy 
and reference models are dealt with on separate cost-flow sheets. An example of these pages is given 
below, although no data input or interpretation of these sheets is required.
Edit View Jisert Format Tods Data Window
17 a
H
1 jPiscounted Cost Sum m ^
2  j Low Energy % stem __ _
^ .....
4 r ""
I Capital 3E IE IE5 Year I E
1 131 too
9 ! Energy Costs Elec •18D656.;1 180656:1 ■180656:1 180656:1 180656.1 180656.1
ID i Fossil iO
111 ______
m :.:
14 I Other Costs
15 iComponent A Capital Replacement
16 Enhanced W all Insulation Annual Maintenance
17 NorhA iMaint 100 1.00 100
18
19 IComponent B Capital Replacement
20 Enhanced Roof insulation Annual Maintenance
21 Non-A Maim
22
23 iComponent C Capital Replacement
24 {Enhanced Floor Insulation Annual Maintenance
251 Non-A Maim
261
27 {Component D Capital Replacement
28 iVelfac Window Annual Malmena nee 1000 1000 1000 1000 1000 1000
29 Non-A Maim
30
-dCU-UorruinneritJt:___________ _ _JCanitaUBeoIariempnt I j  w_____ djl_^_____ fU------------- H L ---------- jn , . —>
M 14 i#- 'M ' /  Outline Data Input /  Stheme Data faput \  Discounted /  Reference Disc Cost /  Graphical Summary /  Q jts tB H l 1 >11
cJ31_LC mn o&n E
Figure 4.10: Cost Profile Tables in the LCC model
The main output stages of the model are divided into financial and environmental parameters. The financial 
variables are presented as a series of graphs. The first Graph demonstrates the cumulative discounted cost 
of the two alternative systems. If the discount rate is set to zero the actual cost savings can be determined. 
The second graph examines the cost differential between the two alternative systems and demonstrates the 
payback period and the total discounted cost savings accrued over the study period. The third graph 
demonstrates the discount rate sensivity of the system. The sensitivity rate is selected by the user and this 
enables an understanding of how this rate is influencing the outcome of the analysis. The final graph 
demonstrates the outcome on the analysis if the capital costs of the low energy system can be reduced. This 
demonstrates if for example very small reductions in capital expenditure have any significant influence on the 
outcome of the model, and what sort of discounts would be required from suppliers in order to make the 
option viable.
The environmental parameters are demonstrated in terms of CO2 emissions (Step 6). A more complete 
range of environmental indicators was considered, however it was determined that this would not be
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meaningful to the lay audience and users of the tool. In order to elucidate the environmental parameters 
further (Step 7).
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Figure 4.11: Basic Environmental Outputs of the Costing Spreadsheet focussing on energy related CO2 
emissions.
The spreadsheet can be used to assess cost performances of any alternative building systems, and even 
w ithout the energy and environmental elements.
Additional spreadsheet elements have been added in order to make the sheets easier and more intuitive to 
use. One of these features is the addition of a library of standard facade and envelope elements which can 
be used in the very early design stages of a project, and maybe before any architectural design has started if 
necessary. Developing a cost library for these early information sources is not easy since estimators would 
tend to work from knowledge rather than reference sources during this period. However, as the Energy 
Toolkit is aimed at a w ider audience than simply estimators alone a reliable source of information was 
required to fill this role. The standard introductory reference for estimators in training was found to be Spon’s 
First Stage Estimating Handbook by Spain (2000). Data from this handbook was compiled to allow rapid 
costing of basic building elements. These estimating handbooks do not cover life cycle costs, but this is of 
lesser importance for envelope components which have very simple life cycle schedules. W hen the 
reference componentry and a suitable upgrade has been selected, the user must input the basic areas of 
these components. After this is complete, the data can be transferred into the cost model and will appear as
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two alternative cost options as those described in Step 2 and 3. In the screen shot below a wall option is 
being selected from the drop down lists. The functionality of this aspect of the model is still under discussion 
and development with the expert user group. See Chapter 6 for more details.
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Figure 4.12: The First Stage Cost input sheet for envelope components only.
4.6 Energy Assessment Tools and Actual Performance in Use Data:
Regardless of the approaches used to design the building, the ultimate test of a building’s perform ance will 
depend upon how it actually performs in use. In their study of post-occupancy performance and satisfaction, 
Bordass et. al. (2001) suggests that many buildings which make claims to be energy efficient have very 
variable actual performance ranging from exceptional to very poor. The Probe studies survey buildings in 
use, as a means of providing feedback to clients, industry and government on ways of providing occupant 
satisfaction whilst reducing carbon dioxide emissions and other environmental impact factors. The study 
buildings covered a wide range of functions, from office buildings to warehouses and schools.
Project observations undertaken on a large range of projects suggest that this large discrepancy between 
estimated performance and actual performance can be down to two factors. First of all, and m ost obviously 
the fact that both building operators and building users are unaware of how to use the features in the building
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to their optimum. This factor has been noted by (ETSU, 1991 and Baker and Steamers 2000). Secondly, and 
perhaps a lesser-noted fact arises from a lack of awareness by clients of exactly what constitutes an 
“energy-efficient” performance. Clients may rather assume that since they are procuring a new building that 
whilst it not be a pioneering building in respect of energy performance, that it should demonstrate at least a 
basic level of efficiency. Whilst this is often believed to be the case, and the developer may claim energy 
efficient credentials, this is often not the case, as is established when actual performance figures are 
considered against good practice national indices.
4.7 Energy Toolkit: Bringing the Processes Together
The Energy Toolkit (ET) design procedure comprises a set of tools, but also a supporting procedure network. 
As has been discovered from the work in the 0-2000 programme, such processes work at their best when 
they do not restrict the creative thought of the design team, and to not prescribe the best course of action. In 
this way the ET process will guide the user into what activities should be occurring when, and with which 
tools. The key component tools in this approach are those of energy assessment and life cycle costing. 
When the user becomes well versed in these approaches, it may prove possible to leave behind the 
procedure, and use these approaches and tools in a more creative manner. Creating a broad framework in 
which the proposed tools can work is deemed essential to ensure that the key decision nodes of the design 
process are addressed and manipulated and that for example the procedure occurs before the development 
of the design if the contract allows. This is identified as a key weakness of existing tools on the marketplace, 
in that there are no frameworks to link the functions of the tool, with the functions of everyday construction 
and architectural practice.
It cannot be stressed enough that it is the inception of the design where the procedure is most Important. 
The design develops very rapidly in the early stages where some major conceptual leaps are made using the 
clients and design team’s briefs as a principal guide. This initial design brief needs also to include 
information on the energy performance parameters so that these can be included, these would give 
recommendations as to the desired orientation and glazing strategies, and the way in which the building 
should be sealed, insulated and ventilated. The successful implementation of these interdependent features 
depends upon specific parameters and guidance being inserted into the design deliverables schedule upon 
which both architects and consultants must act as part of their respective contracts. The following text will 
describe in brief how the tool functions in a procedural sense, and further project specific case studies can 
be found in chapter 5. These case studies describe how the procedural framework was arrived at, and the 
challenges, successes, setbacks and modifications encountered on the way.
The following section deals with the underlying Energy Toolkit process, which has developed through live 
project applications. The component tools of energy assessment and life cycle costing integrate with this 
framework to impart design influence. The graphical process map for the entire procedure can be found in 
figure 4.13 (A3 fold out sheet) at the end of this chapter.
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4.7.1 Energy Toolkit: Brief and Pre-design stage
It has been argued that an early influence on design input is required in order to deliver a significant 
improvement in energy performance. Even in design-build and PFI projects, the contractor and concept 
architects are not appointed until the basic brief has been developed. During this period the client and their 
consultants and technical advisors will develop an outline requirements. This occurs in isolation of those 
parties who will actually develop the design in the marketplace. A number of fundamental decisions may be 
made here which are currently outside the scope of a competitive tendering process. In order to have an 
effect on this part of the development process, influence would need to be sought before the project reaches 
the market. There is evidence to suggest that clients are now seeking closer relationships with a more limited 
number of partners, and in such environments, the potential for a design inception partnership is evident.
Considering the environments in which the tool was developed, the pre design activities and outline design 
activities are linked. If the tool were used by a client in order to ascertain the options available, and to 
develop a brief, then a split would occur between the pre and outline design stage described in the stages 
below, since some pre-design work could be completed by the client in preparation of the brief. How outline 
design activities would usually be completed by an architect with no direct link to the client.
The following design stage descriptions, refer to the pull out sheet where with a flow chart description is 
given for each of the design stages.
4.7.2 Energy Toolkit Pre-design and Outline Design
The outline design process is currently the earliest opportunity at which the contracting organisations have to 
influence the performance of building designs. The influence of the contractor at this stage is also limited to 
the schemes in which the tendering consortia control the design. This means the processes are applicable to 
design/build, PFI, and the very limited current market for LAM-type approaches.
During these stages of the design process, the general approach to the layout design and construction of the 
scheme is established. Although this is not the sole opportunity to influence these parameters, the scale of 
opportunity begins to diminish as design time progresses. Considering the importance of construction 
method, insulation, orientation and glazing characteristics in the overall performance of the building, these 
factors must be optimised at this stage.
In order to achieve this, the process instigates the development of a basic building model before any 
architectural design begins, and key basic design factors can be tested on this design to establish how they 
are influencing building performance. Following this stage, the findings of this initial basic modelling are fed 
into the architectural design process as a series of weighted recommendations. The architectural design 
process should start following this report, and the initial outputs generated are tested against the pre-design 
benchmarks. The costing of the proposed amendments can be carried out at any stage, but considering the 
fact that the costs are very much design specific, the costing has tended to be done following the early
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architectural outputs. The low energy and reference options are described to the building model as a series 
of additional or removed components, each with an associated capital and lifetime cost. The energy 
consumption of the two options are then factored in to complete the analysis. Decisions about individual 
elements of the energy efficiency strategy or whole packages of measures can be made by ascertaining their 
economic and environmental performance.
Following this stage the client would be consulted, either face to face, or through written design information.
4.7.3 Outline Design (Refurbishment)
Refurbishment projects bring a different set of variables during the outline re-design stage. Obviously 
parameters such as orientation and maybe even glazing variables are essentially fixed. However as well as 
these additional constraints, refurbishment brings additional opportunities, such as the availability of real 
information on the way the building is currently performing, and potentially real user feedback around which 
to base a strategy for future development. The approach represents a modification to that described for new 
build outline design above.
It was discovered on refurbishment projects with special historical importance that the level of opportunities 
in addressing the primary thermal and glazing properties of a building were severely limited. A number of 
proposals put forward by the Energy Toolkit were rejected by English Heritage. The limited range of features 
which were approved were demonstrated to have little effect on building performance.
Obtaining current energy performance data is important since it allows and understanding of the major 
energy challenges within the building. Options for upgrading the envelope of the building are generally 
considered a priority during the outline design for refurbishment stage.
4.7.4 Scheme Design
The purpose of the Energy Toolkit during the scheme design stage is to maintain and optimise energy 
performance. The maintenance of energy performance is an essential feature here, since significant design 
modifications can result, particularly where the client is unsatisfied with aspects of the outline design, and 
associated costs. It is also during this stage where value-engineering approaches can affect energy 
efficiency proposals. The Energy Toolkit is used to defend these approaches, and to ensure that design 
modifications do not interfere with the central recommendations given at the outline design stage. 
Furthermore during scheme design the toolkit is used to examine the energy profile of the building and to 
identify the areas in which to concentrate efforts during this design period. Specific technologies are 
considered to reduce this demand, including renewable energy sources.
Describing specific energy efficiency strategies to the cost model demands care to ensure that an objective 
and like comparison is being made. An example of the scheme design approach to energy efficiency is given 
in the following chapter using a live project example.
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4.7.5 Detail Design
The Energy Toolkit procedure is essentially complete at this stage. The key element at this stage is to 
confirm that the energy strategy, which has been developed using basic design tools, will work in the manner 
that has been anticipated. Within Carillion this is achieved by unifying the procedure with existing expertise. 
The highly sophisticated Cymap energy-modelling tool used internally by Carillion’s architectural services 
consultants is used to confirm that the performance predictions are reasonable. The Cymap model is only 
used at the latest stages of the design process, and has a sophisticated CAD linked graphical interface, 
improving the accuracy of the description to be interpreted by the software. Although unsuitable in supporting 
the earlier stages of the process because of this, the tool is important in generating the absolute confidence 
that the design represents a robust solution to the design problem.
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Chapter 5: Testing Energy Toolkit: Results and Discussion
The Energy Toolkit framework was developed through active involvement with 5 major construction projects. 
These projects were selected in order to test and prove the approach in a variety of situations. The purpose 
of this chapter is to describe the process of application and development of the Energy Toolkit process on 
these live design and construction projects. The main purpose of these live applications was to refine the 
process, to understand how a third party may be able to utilise it, and furthermore to demonstrate the benefits 
available from considering combined issues of cost and energy efficiency. What was immediately apparent is 
that the design process, even in PFI is not accustomed to such a detailed and early consideration of energy 
efficiency issues. The process was used to draw out some important lessons, especially on the University of 
Hertfordshire project. On that particular project Carillion achieved high praise for its attention to energy 
efficiency, the client even going as far as to say that this was the key differentiator of Carillion’s winning bid:
““The University has high expectations in the context of sustainability. We were pleased to find that 
Carillion’s proposals met with those expectations and this was an important factor in Carillion’s 
selection as our private sector partner in the development of the de Havilland Campus” (Professor 
Ann Smith, University of Hertfordshire quoted in Carillion’s 2001 sustainability report)
As the author also wrote and compiled the wider sustainability action plan it can be confirmed that energy 
efficiency issues were the core elements within that strategy.
5.1 The Testing Framework
It is considered that only if the Energy Toolkit can be proven on live design and construction projects is this 
tool proven as a valuable approach to raise the profile of energy efficiency in design. Working retrospectively 
may prove the validity of the component parts of the methodology, but what really matters is if the results of 
the overall approach are persuasive enough to support modifications to typical design practices. Working on 
live construction projects means that exact characteristics of projects cannot always be selected, however it 
was considered that the main basis for testing was to ascertain the following:
a. The ability to predict energy consumption of buildings at a very early stage of the design process
b. The ability to generate meaningful energy efficiency recommendations at a very early stage in the design 
process
c. The validity and accuracy of the component tools against tools and approaches already used in various 
stages of the design process
d. The availability and quality of life cycle costing information available to support energy efficiency option 
appraisals
e. The practicalities and acceptability of the functional unit approach to life cycle costing
f. The reaction of major project stakeholders to energy efficiency proposals (architectural and design, 
project management, economists, funders and clients)
g. The applicability of the process to new build and refurbishment situations, and the ability of the tool to 
support the decision to select either new build or refurbishment as a preferred design option
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h. The ability of the Energy Toolkit outputs to modify typical design practice
/. The repeatability of the process on buildings of varying function, size and complexity, and also by third 
party users
Bearing this in mind the project bid processes were selected based on a very limited number of options. The 
projects selected will each test one or more of the parameters described above. All of the projects are Private 
Finance Initiative projects, since as discussed throughout chapters 1 to 3, these projects are ideal benchmark 
on which to develop the Energy Toolkit approach. This is primarily due to the fact that the contracting 
consortia are also responsible for aspects of the building management over longer periods, hence 
internalising the communication process. Contrary to popular belief, PFI projects, despite their long-term 
emphasis are by no means ideal for the implementation of energy efficient approaches, due to a number of 
contractual details that are common to most PFI projects. This means that PFI represents a rigorous test for 
the tool in the implementation of energy efficiency proposals, since some significant barriers and areas of 
resistance would inevitably be encountered. These unfortunate contractual conditions will be discussed 
throughout the implementation of the Energy Toolkit in this chapter.
The tool should be applicable to all procurement routes and not simply PFI. PFI represents only a fraction of 
the buildings commissioned and refurbished every year. Potentially the toughest market in which to present 
the approach is the speculative development market, the results of the Energy Toolkit approaches has 
already been presented to Carillion’s key speculative clients with a positive reaction. Further details on this 
will be given in the following chapter, along with further discussion on the perspectives and lessons learned 
from these live applications.
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It will be noted in the following discussion that the University of Hertfordshire is the primary application of the 
Energy Toolkit methodology. It must be noted that the methodology has evolved from these project 
applications, and that the refined process described in Chapter 4 may not be evident in all cases. The main 
reasons for this are the fact that the project’s start and end dates were compatible with that of this research, 
that no significant delays emerged, and that Carillion were successful in taking this project though into 
preferred bidder status, and onwards into construction. The new campus will open and receive its first 
students for the 2003 academic year. The Bedford and Luton Magistrates Courts have been delayed, and at 
the time of writing are still pending a decision. Carillion were not successful in securing the Wallsgrave 
contract, after reaching the BAFO (best and final offer) stage with one of two contractors.
The following sections describe the application of the energy toolkit on the demonstration projects introduced 
above. Many of the observations and lessons encountered during the testing process are highlighted in these 
case histories, and these important findings are brought together for further discussion in the next chapter.
5.3.1 University of Hertfordshire
The University of Hertfordshire project is part of a new campus development on the former De-Havilland 
aircraft factory in Hatfield. The new campus is being procured through two separate projects. The sports 
facilities and student residences are to be procured under PFI, whilst the academic buildings are being 
procured under a more conventional design-build contract. This research has focussed on the PFI project, 
and in particular the residential developments. The selection of this project was based on three factors, firstly 
the project being in the pre-design stages prior to involvement, the mix of simple (residential) and complex 
(sports facility) buildings, and the design programme which was in line with the programme of research work. 
The submission of the outline proposals was completed in October 2000, and the Best and Final Offer 
(BAFO) stage where detailed proposals are submitted alongside one other competitor was completed in April 
2001. Carillion have since reached the preferred provider stage which means that they are in sole negotiation 
with the client, and although at the time of writing the contract had not been signed, it is rare for clients to pull 
out at this late stage. The construction period is due to start in early 2002, and the site will be a fully 
operational campus at the start of the 2004 academic year.
The project involves the development of 1600 en-suite student residences, and an 8500m^ sports centre with 
a swimming pool. The focus on the residential part of the development is in order to examine the 
performance of the Energy Toolkit on residential type buildings. Educational buildings are not currently seen 
as one of Carillion’s major strengths in the PFI marketplace that are typically in the health and correctional 
sectors, hence this project providing a significant opportunity. In addition to this the residential areas make up 
the bulk of the project in area terms, and despite the fact that the sports centre will consume energy more 
intensively, the relatively large residential quarters account for well over two thirds of projected consumption. 
Comment will be made on the application of the Toolkit to the sports facilities at a later stage. The high costs 
associated with making a bid for a PFI project, which are frequently in excess of £1 million, means that there 
are only a limited number of players in the marketplace willing to take the risk. Furthermore these consortia 
have particular strengths and weaknesses in accordance with there experiences and the nature of their
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component companies. Considering the high financial risks at stake, this means that companies will tend to 
stick to those projects in which there is a much higher chance of succeeding. Considering the fact that this 
sector was not one of Carillion’s strengths it was considered that the approach to energy and environmental 
parameters could be a major feature in the bid. When the Carillion consortium reached the one of two stage, 
the energy and environmental issues were driven as the primary differentiator in the bid. It was considered 
that these proposals also made the Carillion proposals more attractive to the local planning authority.
The application of the Energy Toolkit procedure on this project highlighted the fact that more than one energy 
assessment tool may be needed for the analyses, hence the development of the energy tools matrix put 
forward in the last chapter. For example, the LT method was considered to be a potential tool for assessing 
energy related design considerations during the early design stages due to its ability to deal with very low 
resolution (i.e.: early) design data. However the LT Method cannot be used in this particular project since the 
buildings are either residential or highly specialist facilities such as a sports centre which are not catered for 
in the LT method’s many assumed parameters. In this instance Energy-10 was used throughout the design 
development process, and was particularly appropriate in the condensed design period due the rapid nature 
with which data can be inputted, and the results obtained. What was interesting in this application of Energy- 
10 was actually how much detail about the design that was known before architectural work had commenced.
When application of the procedure began the project had just entered ITN (Invitation to Negotiate) stage. It is 
at this stage where the consortia receive detailed requirements from the client about the expected levels of 
services required of the buildings. This output specification document supplied by the client highlighted a 
number of areas of expectation with regard to energy efficiency. These are outlined below and are extracted 
directly from the client’s output specification document:
Building Envelope and Thermal Requirements
• The external wall construction shall have an average U-value of not less than in accordance with the 
Building Regulations (this includes all glazed and solid areas). The PSP (Private Sector Partner) should 
consider the economics of increased thermal performance to reduce running costs.
•  The entire building envelope shall be thermally broken, i.e. no cold bridging details will be acceptable
Design of External Works
•  The design of the external work shall give consideration to energy efficiency in building design 
Energy Targets
•  The University expects that the PSP should give consideration to the trade off between the capital cost of 
the buildings and future running cost in determining the most efficient solution in terms of thermal 
performance and maintenance. The Building Regulations are expected as a guide to minimum 
performance.
•  The PSP shall provide a realistic assessment of the energy performance of their buildings, taking into 
consideration the capital cost and cost in-use. As part of the tender submission, the PSP shall provide an 
energy target along with summer and winter consumption profiles for gas and electricity for their 
proposed scheme.
118
BREEAM Targets
•  A BREEAM target of “excellent” Is to be achieved, and supporting evidence should be provided. 
Ventilation
• Maximum use shall be made of natural ventilation, subject to local heat gains and spatial temperatures
• Where design requirements cannot be met reliably by natural ventilation systems, mechanical ventilation 
should be employed e.g: Kitchen areas. Swimming Pool and other sports facilities.
• Only where natural ventilation, mechanical ventilation or mixed mode ventilation cannot meet the design 
requirements should air conditioning be considered.
Building Design (Sports)
•  The University is keen to pursue innovative, environmentally passive solutions with a material choice 
determined by cost in use and sustainability factors
It is clear from these comments, that the University was very much open to the application of passive, energy 
efficient approaches to building design. However the procedure was still to overcome the internal barriers (i.e. 
from within the consortium) to delivering optimal energy performance, and the depth of commitment from the 
client had yet to be tested. It is interesting to note that where the client requests certain actions related to 
energy efficiency, such as the provision of energy targets, or considering the economics of increasing levels 
of insulation, no additional qualifying information is given as to what metrics or practices are to be used, or 
what the client seeks to achieve from these measures. The request for BREEAM ratings to be adhered to, 
despite the fact that no accepted methodology exists for either student residences or sports facilities 
suggests a limited appreciation of the issues and approaches required. The level of requirements highlighted 
by the client here is largely typical, perhaps slightly in excess of what is usually encountered on PFI projects, 
particularly the hints of an ill informed and unsubstantiated content.
One of the key approaches developed through this project was the appreciation and practicalities of applying 
a process prior to the commencement of the architectural design and site planning. The procedure leading to 
the development of the initial architectural sketches represents the first steps in a diminishing window of 
opportunity. As discussed in previous chapters the window of opportunity extends prior to the outline design 
process, and is significantly influenced by the brief from the client, but the contractor is currently less able to 
influence these processes. Actively influencing the architectural concepts before the initial designs have been 
penned is not typical practice, but the potential benefit of site-specific energy efficiency guidance is obvious.
In order to develop this approach and understand whether early influence was possible, key fixed parameters 
were disseminated from the client's brief. The key question was whether the design information available at 
this time would enable any significant recommendations to be made to the team pre-design. The University of 
Herts case study provides a good example of the fairly extensive bank of knowledge which can be drawn 
from client requirements, these may be functional or technical requirements. The design requirements as per 
the clients brief were as follows:
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■ 1600 student rooms with expansion room for a further 400 units
■ Approximately 10 student rooms divided into flats with a shared kitchen and communal area
■ Rooms of Approximately 12-14m^
■ En-suite facilities
■ Maximum 4 storeys
Using these parameters as a guide, and the design team estimation of 40% area for circulation (corridors, 
stairwells, storage, kitchens and communal space) allows a basic building model to be built up. Software 
packages such as Energy-10 allow a very rapid analysis of these outline parameters. This basic building 
model will allow a number of parameters and principles to be tested, and will later serve as a benchmark in 
assessing the outline designs produced by the architects.
The basic building model assumes that 40 students are to be housed per student block, 10 students on each 
floor, 14 m^  rooms and approximately 40% total area allocated to circulation for staircases, storage areas, 
corridors and kitchens. This space is termed “circulation”. Considering the small size of the site for the 
numbers of students, it is assumed that all buildings will need to be 3 or 4 stories to meet the requirements of 
the University, and its plans to expand with a further 400 units at a later date.
14m^ rooms x 10 students = 140m^
40% Circulation Space = 56m^
Approximately 200m  ^floorplan per 10 students.
The ITN requirements dictate that all students must have a “view” from their windows. The basic plan shape 
will begin in an elongated form, as this will allow examination of the effects of orientation that a more cuboid 
building would not allow. The proposed preliminary plan is below. N
11.5m
17.3m
Figure 5.2: The plan layout of the benchmark design for University of Hertfordshire
The purpose of this part of the assessment procedure is to examine the effect of the basic building design 
parameters on the energy performance of this simple design. These factors are as follows:
• Orientation
• U-Values
• Glazing Type
• Glazing Distribution/Ratio
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These benchmark figures will be used to influence and assess the more advanced designs at a later stage.
A reference and low energy case was formulated to demonstrate average and good performance for this type 
of building. The reference case conforms to current Building Regulations with regard to glazed areas, u- 
values and other current thermal performance standards. The low energy case reorients the glazing and 
substantially improves the thermal performance of the envelope, but to standards that are practically 
achievable, and by no means excessive. The average u-values of a building envelope in Scandinavia for 
example would be nearer 0.2 w/m^K.
Reference Benchmark Low Energy Benchmark
Building Design Parameters
North-South Axis Dimensions (m) 11.5 11.5
East-West Axis Dimensions (m) 17.3 17.3
Building Stories 4 4
U-value Floor (w/m"^K) 0.45 0.1
U-value Wall 0.45 0.3
U-value Roof 0.3 0.15
Windows (U-value) Double Glazed Alu Double Glazed Alu Low E
U-value windows 4.43 1.76
Average U-Value of envelope 0.977 0.463
Windows No (N/E/S/W) 20/20/40/20 17/7/56/5
Total Glazing Ratio (%) 20 21
Energy/Environmental Performance
Total KWh/m^ 243 87
Total Emissions (Kg) CO2/SO2/N0 X 46093/127/83 23410/98/56
Univ of Herts/AutoBuild Shoebox / Univ of Herts (2)/AutoBuild Shoebox
ANNUAL ENERGY USE
Reference Case # Low-Energy Case
300
200
100
177
Heating
57 57
0 0 
Cooling
243
Other Total
Figure 5.3: The Reference and low energy preliminary designs for the residential units on the University of 
Hertfordshire project.
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These benchmark performance indicators give some idea as to the levels of performance that could be 
expected from the buildings. The low energy case was then taken as a benchmark, and a number of tests 
were performed upon it to understand the effect of the fundamental building design criteria. These tests are 
referred to below as variant scenarios, and the results of these scenarios can be found in Figure 6.6 on page 
124. The aim of undertaking this option appraisal process is to understand using relatively low resolution data 
which aspects of the design are particularly sensitive in considering the building energy efficiency, and which 
parameters have very little impact, these particularly important parameters can then be scrutinised further.
Variant 1: Orientation Change (Rotation by 90/180/270 degrees)
This will model the effect of the elongated building profile in all the above orientations
Variant 2: Glazing Ratio Change
The glazing ratios in the low energy benchmark were not realistic for the use of the building, they assumed 
that the glazing ratio could be restricted on the north facade. A more realistic assumption would be the 
requirement for one window (approximately 1.4m^) per student room. North facing corner rooms (1 and 5 in 
the diagram below) to have their window facing west or east respectively. Two windows per common 
room/kitchen (C) and two per floor circulation space on east façade. The rooms are approximately arranged 
as follows:
N
▲1 2 3 4 5
c
7 8 9 106
Figure 5.4: Approximate Layouts for the benchmark design
This arrangement gives a revised window count of (N/E/S/W) 12/12/20/20. The windows are approximately 
1.4m2 each. Increasing the glazed area of the envelope reduces the thermal performance, however 
minimum glazed areas are prescribed by the Building Regulations. The only exception to this rule may be on 
the south facing façade where passive solar gains are significant.
Variant 3: Glazing Type Change:
The low energy benchmark uses low emissivity (low-e) double-glazing. The effect of selecting the following 
glazing options will be considered against this low energy benchmark:
• Single Glazed (for information only as this would not meet Building Regulations)
• Standard Double Glazed (not Low-e)
• Quad Glazed (Low-e coat)
122
Variant 4: U-value Changes: Wall, Floor and Roof
The low energy benchmark generally exceeds the revised part L of the Building Regulations which at the time 
of application were due to come into force in two years time (but have since been diluted as per the 
discussion in Chapter 1). These are to be introduced in two phases. The variant scenario considers the 
energy performance when the phase 1 of the new Part L is applied.
The preliminary revised Building Regulations in terms of u-values at the time of this case study were as 
follows:
Current Revised L (Phase 1) Revised L (Phase 2)
Walls 0.45 0.35 0.25
Floor 0.45 0.3 0.25
Roof 0.25 0.2 0.16
Windows/External Doors 3.3 2.2 2.0
Figure 5.5: The U-values to conform to proposed new Building Regulations
a a d lW rm a
that me Pupn0 Re^awme are reviewed on an appf0]dm3fia^5*lO year cycle,
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5.3.1.1 Results of Proposed Variant Scenarios
The results of the above scenarios are demonstrated In the graph below, these are total consumption figures 
for the 40-student block.
The reference case consumes 197 MWh/yr, and is not included on the graph below since it obscures the 
relationship between the other factors. It is important to note that each megawatt-hour of energy equates to 
the emission of approximately 400kg of CO2, and the graphs below relate to only a small fraction of the site 
as a whole: 40 students in a 2000 student complex.
Univ of Herts (2) / AutoBuild Shoebox
Low Energy 
Benchmark
90 Degree Rotation 
180 Degree Rotation
270 Degree Rotation
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Glazing Ratio
Single Glazing 
Std Dbl Glazed
Quad Glazing Low-E
New Pt L (Phase 
1 U-values)
109.4
25 50 75 100
Annual Energy Use, MWh
125
Figure 5.6: Energy conservation options during outline design stages.
The results above demonstrate that the orientation is not one of the most critical issues on this site, although 
the original zero low energy benchmark at zero degrees rotation demonstrates the lowest energy 
consumption. Much more significant are the thermal characteristics of the external walls and windows. Single 
glazed windows would not meet current Building Regulations, but the results reflect the significant impact of 
window selection on the overall building performance. Quad glazed low-e windows cost an additional £300 
per m  ^ over double glazed windows (which themselves cost approximately £300 per m )^, and the above 
graph demonstrates that the savings are not particularly significant given this level of cost, a typical case of 
diminishing returns. Low-e double-glazed (option of argon fill) windows would appear to offer the most 
favourable performance/cost balance and were to become the benchmark for this project. Interestingly 
although the design specification is well in excess of minimum standards at the time of application (and 
currently) the construction team were able to source a high performance timber/aluminium composite frame 
which would cost effectively outperform the benchmark u-value. This demonstrates that some of the innate
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skills within the construction industry are crucial to delivering new solutions, and new challenges such as this 
demonstrate new ways of harnessing them.
Levels of insulation are a highly cost effective means of managing energy consumption, and there are a 
number of options available before increased levels of insulation have any impact on the structural elements 
of the building. Additional costs to achieve the new part L (phase 2) for example amount to approximately £3 
per m .^ The energy savings achieved in terms of space heating are dramatic, and this factor is the most 
critical in determining energy performance in the residential development. The new part L of the Building 
Regulations is considered to be a reference standard, however further consideration will be given to 
increasing this level at a later stage.
The results of the above study were transmitted to the design team as a series of recommendations. These 
were to:
Elongate buildings across east-west axis where possible
Minimise glazed area to north facades as lighting requirements for rooms are minimal 
Use double glazed low-e window units with thermally broken frames 
Consider argon fill for window cavities
Use proposed 2004 phase 2 Building Regulations as a reference standard for insulation to walls floor and 
roof.
This sequence of events was built up into a generic procedure that was to be tested on the next project, 
where any amendments could be made to the approach. This represents only the approach to the 
outline/scheme design and further developments were to follow. The features above were fully incorporated 
into Carillion’s bid, hence the procedure successfully influencing the design team, and raising the profile of 
energy efficiency in the design process, and in the bid strategy as a whole. The value-engineering workshop, 
conducted at the end of the design development phase and prior to the submission of the outline proposals 
was undertaken to reduce the unitary charge payable by the client. The unitary charge is a mix of capital and 
operating costs paid on a monthly basis for the building and management services. The energy efficiency 
proposals considered thus far were considered to be a key “differentiator” of the Carillion bid, and were 
protected from this cost cutting process, notwithstanding the obvious need to reduce total project costs.
the^design te a riîttrt m e j|^ H ^ te v a ls  ofireidaMon si»c«edw ouftl 
c o n ^ ^ .,T h e ^ ^ |i« >  €M |^ m en M  and «nancW  
underlet a peer review process, being choked against past project experience, national statistics, and a 
cornmbh sense “réàtit/ checkJ2%^ion's external mechanical and electrical services côg^ritantÉwere i#^' 
dispute of these figures, and presented their own figures during the scheme/detail design stage. This  ^ ^
confliGting information only came to,light as the project entered the final bid submission stage, the stage -
which the energy targets were calculated by the building services consultants. These figures placed projected 
consumption well in excess even of national average benchmarks, but despite this the consultants^were.
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adamant thàt these figures were an accurate reflection of the buildings. This exchange arose in the 
compilation of the energy performance estimates to be sent to the client with only a few hours until the BAFO 
(t)est and finarf offer) submission deadline. The figures put forward by the consultants would suggest that the 
benefits of the previously optimised basic designs were minimal, and that these initiatives (such as increased 
insulation> should t)e scrapped to save costs.-
F a c ^ National Statistics Energy-10 Low Energy 
Benchmark
External Consultants 
Figures (HEVACOMP)
Total Energy 
Consumption
280 KWh/m /^yr 
220KW h/m V
100 KWh/m /^yr 387KWh/m^/yr
Heating Only Nat Available 30 KWh/m2/yr 226 KWh/m /^yr
Obviously this dispute raised doubts as to the robustness of the data produced through Energy-10, either 
through human error or a fundamental weakness in the package itself. However the results presented by the 
external consultants looked barely credible, considering the fact that a well insulated student residence could 
consume a similar quantity of energy per unit area as an acute hospital, widely recognised as one of the most 
intensive energy consuming sectors.
Recalculating the figures using Energy-10 confirmed the initial results. Comparing the figures presented by ¥ 
the consultancy with published case studies on University Residences, and other buildings suggested an 
error in their calcinations. The discrepancy was clearly concerning heating energy consumption, but the 
figures put forward were well in excess of even that of a hospital on a unit by unit basis. Healfii facilities are 
known to be some of the most intensive consumers of heating energy in the whole t)uitt sector (Pout e t al
1998). . . '
It later transpired that the consultant had been using the software incorrectly with respect to calculating the 
heat losses through the building fabric causing a significant error in the results. This occurrence is a concæi , 
on a number of levels, but Is also a strong Indicator for the need for a tool such as the Energy-Todkk The 
key concerns are: -  . , .
■ Outside the Energy Toolkit process, energy performance was calculated only at detail d e s ^  stage, a 
rriatter Of a few days before the final offer was to be forwarded to the client.
■ The consultant was unable to appreciate the discrepancy in their internally produced results
• The error could have easily led to an incorrect design solution t)eing approved, and jeopardised the 
Implementation of some of the most cost effective energy saving measures ^
These observations reinforce the earlier suggestion that there is a poor awareness of what constitutes good 
energy performance within the Industry. This is true clients, contractors and many building services 
consultants.
5.3.1.2 Architects Proposed Designs
The architectural response to these recommendations was to produce a series of L shaped blocks organised 
along the east/west primary axis.
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Figure 5.7: The proposed architectural site configuration.
The individual blocks in the proposed site layout are designed from a minimal number of plan shapes that will 
allow greater repetition of site activities and processes. The fundamental shape is an L block housing 10 
students in each of its wings. An assessment was made as to the performance of this against the reference 
benchmark considering that this floorplan does not exactly conform to the Energy Toolkit recommendations. 
The results of this analysis are shown below.
Univ of Herts 3 / AutoBuild Shoebox
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Figure 5.8: Comparison of benchmarks with actual proposed designs
The L Block could be rotated 180° on the site. The performance of this option is highlighted in figure 5.9.
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Figure 5.9: Total Energy Consumption for Herts L block and same block rotated 180°.
The results above suggest that the L blocks improve upon the performance of the low-energy benchmark, 
and it is demonstrated that orientation of these blocks is of low significance. Orientation is likely to be of 
lesser significance in residential accommodation since the lighting demands are very low and largely be met 
during the day by natural lighting regardless of orientation, and artificial lighting is usually confined to specific 
activity areas. The improvement in performance is attributable to the fact that the L blocks have a slightly 
lower surface area to volume ratio. Given the relative margin of error on models of this nature a +10% 
increase (over the benchmark standard) would have been considered an acceptable energy performance. 
The elevations of these proposed buildings are outlined in the diagram below:
NORTH ELEVATION EAST ELEVATION
o ri □
0 ty|
ï - n . . .  D
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]□ iD E3] Dm Oj
r i  r i  • r i  z
SOUTH ELEVATION WEST ELEVATION
Figure 5.10: The proposed elevations of a sample of the University of Hertfordshire residential development
128
5.3.1.3 Indicative Cost Assessment
The final part of the analysis (at this stage of the process) was to estimate costs of implementing the 
recommendations proposed. At such an early stage in the design these costs are only preliminary estimates. 
Obtaining this information is important however since these energy efficiency strategies would otherwise be 
assessed (in value engineering exercises) using assumed rather than actual costs. There anecdotal evidence 
to suggest a tendency within the industry to assume the costs of energy efficiency features at much higher 
than their actual cost. The table below outlines the additional costs of the features proposed.
Upgrade Item Standard Item Additional Cost Per m  ^of
Low E Glazing Std Double Glazed £10 Glazed Area
Argon Filled Cavities Air Filled Cavities £6 Glazed Area
2004 Insulation Current BIdg Regs £3 Ext Wall/Floor/Roof
Figure 5.11: Additional “Shopping Basket” of key items to deliver improved energy performance.
These items were inserted into the costing spreadsheet described in the previous chapter. At this stage only 
a small number of items are costed, only those which relate to the physical building design, other factors 
assessed at this stage such as the orientation of buildings on site should incur no additional cost, especially 
on a flat site of this nature.
The graph below gives an example of the output of the spreadsheet. The additional capital cost of the 
increased envelope insulation pays back very quickly regardless of the discount rate selected. The graph 
below is based on a current price only scenario for future energy prices and a discount rate of 6%.
Financial Implications Achieving 2004 Part L insulation to 
Walls/Floor/Roof
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Figure 5.12: The discounted payback period for increasing insulation standards to meet 2004 Part L Building 
Regulations (For an individual L Block residence housing 80 students)
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The payback periods described in figure 5.12 above demonstrate that small capital expenditure is delivering 
significant whole life economic benefit. One of the key parameters of the Energy Toolkit costing spreadsheet 
is to enable the user to test the sensitivity of the discount rate to the decision being selected. Based on the 
graph in figure 5.12 it can be seen that, from a PFI contract perspective this is a favourable solution, but what 
this does not demonstrate is the effect that the discount rate is having on the analysis. Using the spreadsheet 
described, a sensitivity rate of 20% was assigned to these figures. The results of this analysis can be seen in 
figure 5.13 below.
Financial Implications in Achieving 2004 Part L Insulation to Walls/Floor/Roof
120000
100000 -
w 80000
II  60000
w
 User
□sc H
S>
iUJ
I
40000 - □sc Lo
20000
-20000
Year
Figure 5.13: Discount rate sensitivity (20%) for a basic package of energy efficiency measures on a single L 
block on the university of Hertfordshire development.
The sensitivity analysis suggests that the discount rate is not having a significant effect on when this package 
of features pays back the initial investment. This is since the payback period is short, there are examples 
where the discount rate has a very significant effect on the outcome of the analysis and an example of this 
will be discussed later. To summarise the costing analysis above, it is obvious that it is the glazing units are 
where the most significant areas of expenditure lie. By the time that these recommendations had been 
incorporated into the design, the project estimators concluded that the additional costs against their own 
outline design cost plan was £109,000 across the whole site, consisting of £33,000 in envelope insulation 
upgrades and £76,000 in upgraded glazing. This estimate was less than initial calculations, largely because 
the specifications had been put out to tender, and were achieved for example by the specification of high 
performance composite window frames, rather than the more typical (and more expensive) aluminium frames 
typically used for such premises.
5.3.1.4 University of Hertfordshire Stage 2: Scheme/Detail Design Stage
The second stage of the application process on the University of Hertfordshire was to seek to optimise 
performance still further. This is where the Energy Toolkit takes on a more speculative edge. The aim in the 
initial stages is to encourage good energy efficient “low-tech” basic design principles. The aim in the second
130
stage is to examine the energy profile this has created and investigate whether any of the available 
technologies on the market could possibly act as an economic means of reducing energy consumption. It is 
intended that stage one of the process should be applied to all buildings. This stage 2 process may only be 
applied where contractual conditions allow. The University of Hertfordshire project reached the ITN stage 
after stage when the outline scheme design proposals were submitted to the client. Following this submission 
the Carillion consortium reached the next stage termed BAFO (Best and Final Offer), and the scheme/detail 
design started. This allowed consideration of how the design should be managed by the Energy Toolkit in 
more advanced stages of development.
The combination of features already incorporated into the design process had delivered a level of energy 
performance that far exceeds current industry best practice. The purpose during stage 2 is to examine the 
performance against a number of specific energy efficiency strategies in order to optimise performance 
further.
The University residences are relatively simple in terms of both their construction and operation, and 
considering this it is likely that there will only be a limited number of appropriate strategies. The Energy 
Toolkit has aided the delivery of buildings that are currently around 60% more energy efficient than current 
Government good practice, and the major energy consumer in such buildings, space heating has already 
been addressed at outline design stage.
PiFl^ndUtmty
Private Finance pm |ectslW  traditionally been contract th$ voltWe
Other utilities remeins vwtti W  cfiént, and this is the case on the Universlty^<#*ei, , ^
000 lo the capital costs d  the scheme mdi
M»cally precluded the tôèlusioh of significant features that w8l save the client 
and operative utility costs are s^egated. This is nr  ^conducive to good over#
cfie^ The basic padmge o f,tlje ^ l efRdency Inëâ^es d e ts ^  
they add as little
the respect the Energy Ttiâùt WcsssfulW bfluencediAe design ami téd promisses. One%ëd that is bWn^
InorcteF
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be performed as tb the effect of these value-er^neming exercises on
l^easfngly it is being recognised that Utility Risk fe tiest served by ttie contracting consortia who em aia##o
One point to note is that the client could not afford the scheme as proposed in the previous stage of the bid. 
The unitary charge, (a combination of a building service charge and a repayment on capital borrowed) of the 
then current scheme to the client is in the order of £7.8 million per annum, and the client has an affordability
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ceiling of only £6.8 million. This has inevitably led to cost cutting exercises and all available options to save 
from both capital and operating budgets have been investigated. The Carillion design team immediately 
suggested that up to £10 million will have to be saved on the capital cost of the development (sports centre 
and residences).
Value Engineering...Good Value?  ^ 9
With any building project there is always a theoretical minimum expenditure that would be required to provide 
the client with the most basic structure to accommodate their needs, processes and/or functions. The 
process of value engineering seeks to enhance the utility of that structure for the same cost using fo# 
example innovative design techniques, or to provide a favourably disproportionate Increase lb utility for an 
Increase In '
In the broadest sense the Energy Toolkit fits within the value-engineering framework from an eneigÿ 
efficiency perspective, since it is intended to be used to strike the optimum compromise between capital and 
operating costs for energy efficiency in any given project situation. .  ^ ' - - W'# * #
' '""a
It is interesting to note that in following the notification from the client regarding the "affordability gap*, two
separate Value engineering* workshops were held, one to shave cost from the operating expenditure, and the
other from the capital budget. This is typical industry behaviour, and the^  reM ;measu#%W value and 
affordability in PFI, the unitary charge was not explicitly considered. In the capital cc^ workshop^^lO mlRk^ 
was shaved from the design, most of which were
the energy efficiency package would a*sc beiost des'^ te the benefits that had 
however the Information generated from the Energy Toolkit protected this efemeréc^ttie d e s i g n , f r o n #  
that point the approach to energy performance was noted as a unique selling poimjJJSP) in theecheme. *  
pften suggested that the capital and operating expenditure are not consldered##i#^8#st#dW $/ b%A 1 
^hould not t)e the case in PFI where the client pays a regular sum to cover 
operating expenditure. The above suggests however that contractors are oommof# not exploiting this 
situation for mutual benefit, and this experience has been borne out on many subse$m ^:^i projects, an(| 
means that currently this procurement route is failing to realise its poWtW^g> déiv^ W ÿ k ^ te rm  optims|
Considering the status of the project it was not considered possible to add any significant (in capital cost 
terms) packages of energy efficiency proposals, because at the moment the consortium are unable to use 
the energy savings to offset the additional capital costs in the unitary charge. As an alternative, all the energy 
efficiency options discussed below will be presented to the client as options which are separate to the main 
bid, and which clearly demonstrate the implications of selecting them in environmental, and whole cost terms 
(i.e. including energy costs). This represents a deviation to typical practice, since these options would most 
likely fall clearly outside the client’s affordability, and would typically not be mentioned in bid documentation. 
In terms of the wider benefits of using an approach such as the energy toolkit is that these options challenge 
the client to reconsider project boundaries. Even if they are rejected, some design team members have 
suggested that the information gives the client an extra degree of confidence in the proposed solution.
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In order to select energy efficiency scenarios, the energy profile of the buildings is examined, in order to 
understand where the major energy consuming facilities lie. In this context an energy profile is a breakdown 
of the major energy users within the building, and would typically consist of the following;
Space heating/cooling
■ Lighting
■ Domestic hot water system (DHWS)
■ IT Equipment
■ Small Power (Items plugged into mains electricity)
■ Catering
Examining the energy profile of the building will identify those areas of significant consumption where features 
and approaches to enhance energy efficiency would be most beneficial.
A major energy user in residential buildings, as with the University of Hertfordshire residences is the domestic 
hot water system. Optimising insulation levels and considering building orientation has rather obviously had 
very little effect on this element of energy consumption, and hence the relative significance of hot water 
energy use is significantly higher than a typical residential profile (see figure 5.14 below). This is summarised 
in the fact that hot water represents 12% of the total energy use in the reference building (which is based on 
current Building Regulations), and 30% in the current proposed low energy design.
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Figure 5.14: The energy profile for the University of Hertfordshire (as proposed) and a University residence 
designed using current Building Regulations.
Considering the significance of hot water energy requirements in the proposed building, an option to be 
assessed with the Energy Toolkit will be the options available to improve the performance of the hot water 
system, including the provision of solar water heating. In residential units the orientation of the building in 
order to achieve good balance between passive solar gains and daylighting opportunity (east-west primary 
axis with main façade area facing north-south) are the same as those required by solar collectors for water
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heating. Originally the monopitch roof structures had faced north, for what appeared to be little other than 
perceived aesthetic benefits. Following the assessment for the solar hot water heating system it was noted 
that the original roof pitch was unsuitable for this application, or indeed any future retrofit of solar technologies 
and was therefore subsequently revised.
The four options open to the design team for the provision of hot water are:
■ Electric Immersion Heater / Electric Space Heating
■ Gas Boiler / Gas Space Heating
■ Solar Water Heat with a backup Electric Immersion Heater / Electric Space Heating
■ Solar Water Heat with a backup Gas Boiler / Gas Space Heating.
Electric heating would appear to be the worst possible environmental option given the high CO2 emissions 
resulting from high production and transmission losses. However it is being considered on the basis of the 
following:
■ Water heating and space heating would typically both be through the same fuel source.
■ The use of the Energy Toolkit has led to very small space heating loads, mostly supplied through the sun,
occupants and in-room electrical equipment. This is further reduced by the financial incentives proposed
to encourage students to behave in an energy efficient manner. (Essentially this involves individual
metering of student flats and charging groups for any units they consume over a certain threshold. The 
level of this threshold is yet to be determined, but the figures from the Energy Toolkit will be useful in 
understanding the potential performance of the building.) This idea was not directly attributable to the 
Energy Toolkit, but arose out of the frequent and advanced discussions on energy efficiency, which were 
initiated by the process.
■ If the solar water heat option is utilised, then a backup system will be needed to top up the requirements 
in the winter months. Electrical immersion heaters (as backup) are low capital cost items, and are hence 
likely to make solar water heating systems more viable.
The solar collectors are highly capital intensive items, and will require additional roof structure to support 
them. On the basis of this analysis it will be decided whether the project design team will either fully 
implement or fully reject the strategy, or use a limited number of residential areas in which to demonstrate 
and prove the technology. The conditions under which an option would be selected are based on the balance 
between additional costs and subsequent savings. Where there is a significant environmental benefit this is 
used as a differentiator in the bidding process, but is only likely to be considered if the economics are neutral 
or favourable. If the decision is marginal, it may prove to be appropriate to install the feature on one 
residential block, and ensure provision is made for retrofitting the remaining units if actual performance meets 
or exceeds modelled data.
There are many options for solar water heating available on the market, all with slightly different technical 
specifications, and cost implications. Typical criticisms of solar water systems are firstly that the temperature 
of the output water is too low to depend on the solar system alone, except in perfect conditions. Secondly, the
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fact that the heat exchange medium requires an electrical circulation pump that reduces the significance of 
the efficiency savings. A typical system would also require significant extra plumbing work. The more recent 
solar collectors deliver hot water directly to the tank (rather than through heat exchangers), and water is 
pumped through the panels by a photovoltaic pump, maximising the efficiency of the savings. It is estimated 
these solar panels could deliver between 40-70% of the total hot water demand. Further manufacturers' data 
will be required to ascertain the scale of these energy savings. The systems to be modelled are detailed in 
figure 5.15 below.
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Figure 5.15: The cost comparison between solar and traditional fossil fuel water heating.
To summarise, the following energy efficiency scenarios are to be examined during the scheme/detail design 
stages:
■ The provision of Solar Water Heating
■ Options for residential space heating (Gas vs. Electric)
■ Implications of reducing window specification in order to reach client affordability
The gas vs. electric heating options for both space and water represents a typical conundrum facing the 
design teams since both are a complex mix of capital, operating (energy) and maintenance/replacement 
costs and different magnitudes of environmental impact. Electricity is being considered on the basis of 
reduced installation costs, and the ease of installation, precluding the need for the routing of many metres of 
pipe-work and the penetrations these will require through the precast concrete walls. However the wet system 
utilising a gas boiler significantly cheaper energy which in delivered form is far more efficient in its conversion 
than electricity (despite the fact that the conversion of electric to heat being almost 100% on site), hence CO2 
emissions being substantially lower.
Respective energy consumption data for a gas and electric system has been derived from the Energy Toolkit, 
and the values for gas boiler efficiency were obtained from the proposed manufacturers figures. The M&E
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design team aided in the compilation of a component list to form the two respective “functional units”. 
Estimators put forward the costs for these components, and the PSA Cost in Use tables (see Chapter 4) 
were used to ascertain the maintenance intervals and respective maintenance costs. These costs are 
summarised below in figure 5.16.
Cost Cwm#ents for
Electrical Convector Heaters
Cost COB#monts for Gas wet %#tem
Unit Gas Boilers
Electrical Water Storage Calorifiers (DHWS) Radiant Panels
Electrical Wiring Wet System Plumbing
Additional Elec. Transformer/Distribution Capacity Additional Construction (Programme) Costs
Electrical Energy Costs Gas Energy Costs
Electrical Energy Costs (for pumps)
Figure 5.16: Cost functional units for gas and electrical heating options.
The cost comparison between these two systems is shown below (fig 5.17). The graphs represent the 
financial implications of selecting a gas system over electric.
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Figure 5.17: The financial implications of selecting a gas space and water heating system over electric
Figure 5.17 again demonstrates the fact that the discount rate has little significance on payback periods, and 
hence the perceived viability of the proposals. The high and low sensitivities in figure 5.17 are set at 20% 
above and below the HM Treasury approved rate of 6%. It is expected that the discount rates are likely to be 
sensitive on options with longer payback periods, and the solar water heating case will enable the 
qualification of this.
Electricai Option Gas Option
Annual C02 Emissions (Residential) 1050 tonnes 595 tonnes
Figure 5.18: Annual carbon dioxide emissions statistics for an electric and gas heating system at the 
University of Hertfordshire.
Figures 5.17 and 5.18 demonstrate the statistics to be presented to the client as justification for the gas 
option being the most efficient and environmentally favourable option for heating requirements. However, the 
fact that energy costs fall with the client and not the consortium, Carillion must remove the energy costs from 
their own financial models in order to demonstrate cost effectiveness internally for the contract. On this basis 
the financial implications of selecting a gas system are less favourable, but reduced operating and 
maintenance costs means that some of the additional capital is recouped over the project term (see fig 5.19). 
The unevenness in the cycle demonstrates the systematic replacement of convector heaters within the 
electrical functional unit.
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Figure 5.19: The financial implications of selecting gas over electric heating when all energy costs have been 
removed.
The disparity between figure 2.1.4 and Figure 2.1.6 demonstrate one of the key weaknesses in PFI of 
delivering buildings with excellent long term energy performance. Under the current contractual conditions an 
electrical heating system would be selected which has been demonstrated in figures 2.1.4 to 2.1.6 to be both 
financially and environmentally inferior. The full data set was presented to the client demonstrating the 
significant advantages of a gas system, but the savings accrued by this option currently cannot be offset in 
the unitary payment by the client to the consortium. This is a significant grey area within PFI that this
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procedure must be able to address, such that future PFI contracts have energy costs included as part of the 
financial model regardless of who is ultimately paying the bill. Perversely, the ultimate decision was to remain 
with the electric system, notwithstanding the consequences both economically and environmentally.
The cost and energy performance implications of the solar water heating option are yet to be fully costed, and 
hence the results are not yet available. The initial indicators suggest that the system is able to pay back the 
initial capital costs through both energy savings and the prolonged life of heating plant which would be used 
for fewer hours a year if backed up by a solar system. The costing results which have been developed 
through the Energy Toolkit have thus far been very powerful in focusing the minds of the design team, and in 
presenting a case for the most efficient and environmentally sound design options. The design team have 
trusted and acted on all the recommendations provided by the tool so far. Although the contractual situations 
have sometimes presented some obstacles, the team now has a common understanding, and a motivation in 
seeking to overcome them, hence further differentiating the bid. The results regarding the gas vs. electric 
heating option for example are being presented to the client to gain an understanding of whether the 
consortium are allowed to include energy costs as part of their design validation. Considering the fact that the 
solar water heating example is likely to have an extended payback period of between 15 and 25 years, it will 
be important to note the reaction of the project team and the client to the proposals, and whether the discount 
rate becomes a sensitive factor. Glazing options were under review, and the Energy Toolkit was used to 
examine the performance of the “value engineered” proposals, ensuring that any reductions in performance 
are based on sound whole life cost reasons. The outcome was that the Energy Toolkit successfully defended 
the original specification. The approach in value engineering exercises has typically been the need to cut £x 
off the capital cost and £x from the operating cost with little understanding or interpretation of how these two 
cost components are linked.
When water heating has been addressed, and the favourable solution agreed, it is likely that the largest 
remaining consumer will be electrical appliances, for example all rooms have refrigerators, and as the flats 
are self catering a minimum level of appliance provision must be met in the kitchens. The Energy Toolkit is to 
be used by the estimators to investigate the cost implications and savings offered by appliances, which 
achieve an “A” rating under the European Community Energy Label (for further details see: 
http://www.environment.detr.gov.uk/energylabels/rw). This demonstrates the inherent flexibility of the tool in 
dealing with a large number of potential options.
A wind turbine was also considered for the site at the University of Hertfordshire considering the high 
continuous demand for electricity. This is currently being addressed by the consortium’s planning advisors, 
and further research will only be undertaken if planning permission is likely to be granted. At the time of 
writing, this was considered highly unlikely to receive planning permission.
5.3.1.5 Solar Water Heating: An Energy Performance Optimisation Proposal
The solar water heating option was considered as a serious means to reduce the energy consumption of the 
proposed buildings even further. The manufacturers of these systems claimed that the location was 
conducive to solar systems delivering between 50 and 70% of the total hot water demand. The proposal was 
constructed, based on the data obtained from Energy-10, suggesting that hot water consumption was one of
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the largest remaining energy consumers in the building. Heating energy is also still significant, but it was 
determined that further increases in insulation may give rise to condensation problems, and may dictate an 
alternative construction method owing to an expanded cavity. Given a fixed rate of infiltration, the added 
benefits of further insulation were also demonstrating a diminishing rate of returns.
The solar water heating programme was very different than the earlier energy efficiency proposals, since the 
up-front costs are likely to significantly exceed the short term savings. The most efficient new solar water 
heating systems on the market are now able to deliver increased savings over the older systems, but the up­
front costs are still significant. The most recent systems pass the domestic water directly through the panel 
(rather than a heat exchange medium), at a rate which is dictated by a solar powered pump. Using data from 
Energy-10 it was dictated that approximately 300m2 of panels would be required to meet the demands of up 
to 200 students, the largest of the residential blocks in the scheme. The installed solar collectors are 
essentially maintenance free items, and the manufacturers even claim that the panels to not require any 
cleaning to maintain an acceptable level of performance. This is a considerable benefit considering the 
expense of installing roof access, or making provision for cleaning from external means.
The cost of each panel, which fit together on the roof to form larger systems is £2500, and
The financial implications of such an installation are very much dependent on the following variables:
The latitude at which the panels are installed 
The local microclimatic conditions 
The orientation and tilt of the panel 
The efficiency of the boiler/water heater being displaced 
The proportion of solar hot water that is usable 
The cost of finance
The perceived increase in property value based on the installation
The solar water industry recognise that with all these variables, there is significant opportunity for “financial 
trickery”, and some companies apply “a crazy 13+% annual fuel price escalator” (Solartwin, 2000) into the 
analysis in order to substantially improve the claimed payback periods.
Approximately 100 panels would be required to cover 300m^ of roof, at a bulk discounted cost of £1500 per 
panel installed. There are a number of additional and avoided costs involved:
■ Ancillary components and plumbing required to install panel (included in installed cost
■ Additional roof structure to support panels
■ Increased boiler/heater life in conventional hot water system
The financial analysis considered the following for a 200 student block with a southerly aspect:
■ The installed cost of panels at £160,000
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" Additional roof structure and engineering costs considered at a maximum of £20,000.
■ The increased boiler life of 10% equating to approximately £40 per year per building.
■ The panels would displace 40% of the total hot water demand.
■ Fuel costs are maintained at current price only (initially)
= A discount rate of 6% (initially) with a 50% sensitivity factor giving the three alternative rates of discount
of 0%, 6% and 9%.
The financial implications described above are summarised in the graph below:
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Figure 5.20: The payback periods and discount rate sensitivity of a solar water heating option for a large 200 
student residential block at the University of Hertfordshire
This graph demonstrates that the additional cost of the solar collectors, and avoided costs leads to a payback 
period in excess of 10 years. The low discount rate in this analysis is 0%, undiscounted (yellow line), and the 
sharp downward trend in savings at year 30 equates to the design life of the solar panels, and hence their 
replacement within the cost model.
The selected rate of discount is clearly having a very significant influence on the analysis. At a rate of 12% 
(pink line) the solar hot water heating system fails to pay back, as the system is replaced at year 30 before 
payback occurs. The system fails to pay back since the constant annual energy savings from years 13 to 30 
in figure 5.20 above are discounted to such small values, that they are unable to compensate for the 
undiscounted capital costs at year 0.
If future DTI energy price rise scenarios are added to this analysis, then the outcome shifts slightly, but the 
overall conclusions above are unlikely to shift substantially. The graph (figure 5.21) demonstrates the same 
system, but with a DTI average case energy price increase scenario added.
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Figure 5.21: The discount rate sensitivity for a solar water heating option with a fuel price escalator factor 
added.
A 12% rate of discount would not generally be considered to be an unreasonably high rate of discount within 
the literature discussed in Chapter 1, and indeed many organisations may apply a higher rate of 20 or more 
percent. In the undiscounted model, life cycle savings in the order of £400,000 are projected. The wide 
variability in these two outcomes means that caution must be exercised. The discount rate selection is clearly 
having a significant influence on the viability of the proposals.
The course of action in view of these implications was to propose the scheme as a trial on a small number of 
buildings and to develop the option to retrofit the remainder of the building with the system if the savings and 
performance of the system is in line with the estimated parameters used in the financial and energy analysis.
A final decision on the level of implementation of the system is at the time of writing, currently being finalised 
with the aid of the Energy Toolkit. It is recognised that the number of energy efficiency scenarios covered 
here represents only a small fraction of the possible approaches. It is recognised that other approaches such 
as a site wide combined heat and power scheme, or other approaches to heating such as heat-pumps could 
have been an equally valid addition to the case study. The emphasis here however was examining the 
development of the approach in taking the design for the University residences a stage further, and 
examining the reaction of both the design team and client towards these developments. In summary it has 
been demonstrated that the Energy Toolkit can be used to identify and examine the more advanced stages of 
design development for energy efficiency. Experience on this project has established that it is during these 
stages of a PFI contract where the contractual constraints and entrenched industry practices are constraining 
energy performance, characterised by the need to increase capital expenditure to improve operative 
performance. The long term value of PFI projects is being compromised by contractual constraints and the 
reluctance on the part of PFI consortia to fully exploit the long term nature of such contracts, contracts which 
should in theory be setting the standard in energy performance for the rest of the construction market.
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Although the University of Hertfordshire was the central project application, it was decided to test the 
applicability of the approaches to other buildings, including more complex structures and refurbishment 
projects. Building refurbishment is far more commonplace in the construction sector than new build as a 
means to gain new spaces, and where acceptable levels of energy performance can be extracted from 
existing buildings, can be seen as an environmentally favourable option against starting from scratch with a 
new building. Furthermore, considering the very slow turnover of the built environment, refurbishment of 
existing structures will form a key part of realising a more sustainable built environment. The Energy Toolkit 
was tested in these situations in order to ascertain whether there are any fundamental methodological 
differences in approaching a refurbishment. It was discovered that the main differences were the availability 
of existing energy data and user feedback for the building, which is useful in building the model. And 
secondly that in terms of energy modelling the building can essentially be considered in the same manner as 
new build space, just with more non-variable fixed factors.
The results of these applications and the descriptions of the projects can be found in the text below.
5.3.2 Bedford Magistrates Court Refurbishment
The Bedford magistrates court bid involves the internal restructuring and refurbishment of an 18*^  Century 
listed courthouse. The original courthouse. Shire Hall, built in 1881 has been updated in a piecemeal fashion 
with a number of additions and extensions that were considered out of place with the existing architecture. 
These additions are named the waterside extension and the Holden Building respectively, and are detailed in 
figure 5.22 and 5.23 below. At the time of involvement on this project a fundamental design decision had 
been made, and this was to remove all but the essential historic buildings from the site. This still leaves a 
substantial proportion of the existing building in and around Shire Hall.
RivArRihA F y fA n s in n
RhwA H a II %
Figure 5.22: Riverside elevation of current Bedford Magistrates Court.
s h irA  H a II
H n lriA n  R iiild in n
Figure 5.23: Frontal Elevation of Shire Hall
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The building is relatively small at approximately 5400m  ^ of floor area. The internal restructuring would take 
place in conjunction with similar works on Luton Magistrates courts with which this project is linked (see the 
next project example).
The consortia are is contractually obliged to work within the guidelines and recommendations of English 
Heritage with respect to how the existing building can be treated considering its listed status.
It was considered that the application processes would follow much the same structure as that on a new- 
build project. Refurbishment projects carry a number of advantages and disadvantages as a result of the 
more limited scope for fundamental design changes, but the availability of existing energy consumption 
figures brings a number of benefits, that is, if it is available.
In terms of modelling a courthouse, the internal environment can be considered in a comparable manner to 
office space, with similar thermal demands and tolerances, and like occupation and vacation patterns. 
However in some respects the space is dissimilar, such as the much greater floor-ceiling heights in the 
courtrooms, which allow a vertical stratification of temperature. This will be addressed by specifying the 
courtrooms as a separate zone within the Energy-10 model and this will allow the inclusion of two alternative 
floor to ceiling heights.
The generic procedure was adopted in the same manner as with a new build project, however, the number 
of variable factors is obviously reduced (such as orientation and glazing ratios). However, considering that 
the refurbishment also includes some new build facades, significant internal re-shaping and new plant and 
equipment, the level of initial opportunity is still potentially significant. These slight variations have been 
incorporated into the Energy Toolkit design procedures described in the previous chapter.
The procedure operated in a similar manner to that described in the University of Hertfordshire, with the 
construction of a basic building design model, and the testing of fundamental design considerations. The 
outcome of this analysis, unlike the University of Herts was less a matter of where to put the building on the 
site, as this is a fixed factor (the building already exists), but rather how the building should best be insulated, 
glazed and serviced in its current form. Issues of air tightness and thermal bridging are paramount in the 
existing buildings, particularly in leaded windows that are extremely poorly sealed.
This outline analysis gave the designers an idea of the range of performance that could be expected from 
the building. The results of this analysis are shown in figure 5.24.
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Figure 5.24: Reference and Low-Energy Benchmark consumption estimates for Bedford Magistrates courts.
Despite the demand for a certain level of cooling capacity, heating energy remains the largest consumer of 
energy in the existing buildings, and hence the key proposal was to improve the thermal performance of the 
building.
The two key actions required to realise the higher levels of performance are as follows:
■ Upgrade of thermal insulation: There is currently no thermal insulation in the structure, the walls are solid 
500-600mm brick. The option would be to apply insulation to the inside of the walls, and re-finish with a 
dry-lining (plasterboard). Obviously the achievable standards are limited by the thickness of insulation 
feasible. Since many of the ground floor slabs are to be re-constructed the insulation in the floors is an 
available option. It is considered the thermal performance could be brought up to the existing building 
regulations. Insulating the roof would normally represent a significant potential for improvement, however 
on this particular building there is only a very small roof cavity, and the pitched roofing angles are 
exposed on the inner ceiling faces (known as barrel vaulted ceilings), consequently the area available for 
roofing insulation is limited. In this instance, and considering the importance of roofing in thermal 
performance, the ceilings could be treated in a similar manner to the walls with the application of an 
internal insulation sealed with a dry lining. In a typical building up to 45% of the total heat loss can be 
through the roof, despite the fact that it usually constitutes less than 20% of the total exposed area.
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■ Window Upgrades: Windows are assumed to be non-replaceable considering the (Grade II) listed status 
of the building, but an alternative improvement system is the application of secondary double glazing 
either on the outer face (to protect the leaded glass) or on the inner face of the windows.
It is interesting to note that the additional of internal insulation to the walls and vaulted ceilings has the effect 
of slightly increasing the cooling loads. This is due to the fact that internal insulation is actually impairing the 
ability of the thermal mass of the building to regulate internal temperatures, hence the very slightly higher 
cooling requirements.
PFI aiid Service Related
It Is inter^ng lo note teat desptte tee aspiration to deliver a low-energy building, ak conditioning is still 
specifted. This Is a oontrsKtejal quWç of PFI ccmtracts in which the consortium only reomve payment when an 
area the W #% g Is demWd serviceable, and temperature toterancm are deemed part c4 this 
se^oeabR^. The pccupted sftecp Is cmïÿ #owed io maoeed 28*0 on she days per year, and consklerteg the 
#tehcW p ê n a ^  ter uwévioétete thte Is deemed too great a risk. The energy design 
toolkit demonstiate the bhpfktelofte aocepdhg Ntese contractual oohdihons, and understand the 
rature of the mvkmmental and financial cœts ino^red as a result. It would be posslNe to inoxporate into 
the Energy foc^kit tee fines from exceeding this d^ign temperature, and use tee number of days per year 
the buikiing teW outside these param^ers to ctetermifte whether it would be fimnctelly viable to take the risk. 
Considei^ the si^iflcant plant and enm ^ sawn^, it is possiWe teat acce^ng the firms represents a
Summary of Thermal Performance Parameters:
Feature Reference (Current) Standards Upgraded Standards
Wall U-value 0.7 0.45
Roof U-value 0.4 0.4
Window U-value 7 (Leaded Window) 3.5 (With Secondary DG)
Floor U-value 0.77 0.45
These factors are assumptions, based on a number of drawings of wall sections that had been made 
available to the design team, they are subject to confirmation, and a request for further information was sent 
out to the client. Obtaining accurate information on the existing structure is critical to both ascertaining the 
current level of performance, and any areas for proposed improvement. Making an early request for this 
information is therefore critical, as opportunities will diminish as the design develops. All the new build 
facades conform to propose 2004 Building Regulations standards with respect to insulation, thermal bridging 
and air tightness.
As the lighting requirements have to a large extent been dictated by the existing glazing ratios and 
orientation, the key element of influence is the thermal performance of the structure. The assumptions made 
as to the thermal performance of the walls during the early stages was confirmed to be acceptable with 
information from the client, however in some areas the wall thickness were increased, slightly improving 
overall performance.
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Considering the highly sensitive nature of the proposed changes English Heritage has not approved the 
measures with respect to additional wall and roof insulation. This is due to the fact that the proposed dry- 
lining solution would conceal too much historic wail detail. Simply insulating around these features is not an 
option since it will simply serve to accentuate the performance deficiencies of the non-insuiated areas, and 
would also prove a very costly detailing process. W ith respect to the secondary double-glazing, approval was 
only given for six double height w indows in the courtrooms, again this piecemeal approach does not 
significantly improve performance.
More detailed information on the walls obtained through the client led to a slightly lower u-value than initially 
anticipated, hence a better performance of the external envelope. These features were combined to produce 
a new reference case. Taking the comments of English Heritage on board, the assessm ent was modified to 
include only those features that had been approved. These were the insulation of the underside of the 
ground floor slab and the limited extent of secondary double-glazing. Both of these measures are relatively 
insignificant in the grand scheme of what could be achieved.
The allowable extent of secondary double-glazing was found to have very little impact on the energy 
performance of the building, 3000 kWh/yr., which is insignificant against the 1400000 kWh/yr. it will take to 
operate the building. Despite the limited savings the strategy was costed, as it was felt that the secondary 
glazing would reduce draughts in the courtrooms and enhance occupant comfort. The secondary glazed 
additions were assumed to have a 30-year life span, and on this basis the cost performance of the strategy 
is summarised in figure 5.25 below.
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Figure 5.25 The cost performance in applying secondary double-glazing to a limited number of w indows in 
Bedford Magistrates Court.
This package of information has been conveyed to the client, particularly concerning the potential available 
building performance (using cost effective techniques) and the current performance status after the w ishes of 
English Heritage have been taken on board. This demonstrates a possible conflict between the protection 
and conservation of our heritage and history against the desire to reduce greenhouse gas em issions and 
curb global warming. This dichotom y will clearly be an area for future discussion. The key factor to take from
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this is the fact that Carillion have been able to challenge the requirements of English Heritage, and set the 
wider environmental impacts of the decisions against what could have been achieved.
This project has been put on hold since mid-2001, and at the time of writing (Sept 2002), no decision had 
been made.
5.3.3 Luton Magistrates Court
Luton Magistrates court, as with Bedford is an existing court facility, which is to be extensively refurbished. 
This project has been selected because it is a refurbishment project in which a much more significant level of 
opportunity is available in improving performance. Since the building is not listed, the proposed measures 
will not require heritage approval, only ordinary planning approval for external features. The reasons for 
utilising the existing building and site were mainly functional and geographical, its secure underground link to 
Luton police station, and the proximity to the main ring road which runs across the front of the court.
The existing building is to be retained, but the existing frontal facade is to be demolished and replaced to 
give the building the “civic dignity” that is currently lacking. One of the main problems of the current building 
is that the relatively deep plan with few roof-lights means that there is little natural light penetration into the 
core of the building.
The Energy Toolkit was used following an initial design team meeting to discuss the client's requirements. 
Firstly as is generic, the tool was used to generate two alternative approaches to the building from an energy 
performance perspective, a current building regulations minimum standards approach, and an upgraded 
option. What has immediately become apparent in this project is that the improvement options in 
refurbishment projects are not directly transferable from new-build options. Achieving for example the 
proposed 2004 insulation levels (which have been used as a reference point in this research) in the walls is 
considerably more complex. The wall cavities are only 50mm wide, and currently available insulation would 
require at least a 70mm cavity to achieve the required U-value of 0.25 w/m^ K.
In terms of construction materials and thermal standards, the building is wholly conventional with 100mm 
block 50mm cavity and 100mm brick walls. The flat roof, walls and floors have no additional thermal 
insulation. The existing windows are aluminium framed, single glazed with double thickness glass (12mm). 
An assessment will have to be made as to whether these should be replaced.
Figure 5.26 on the following page demonstrates the reference and low energy options available on the Luton 
Magistrates Court project.
These scenarios will depend on the ability to inject the current voids in the cavity with insulation, and the 
replacement of the current single glazed window units with double glazed low emissivity coated windows. 
The assessment is pending on the wall insulation since the costs involved have not yet been agreed. The 
window strategy has been fully costed, and the window upgrade alone will deliver approximately 17% 
reduction in heating loads. The additional costs of installing new windows is approximately £40,000, but until
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the full insulation strategy is costed it is not considered appropriate to demonstrate the cost implications of 
windows alone, as they would be considered as part of an integrated strategy.
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Figure 5.26: The potential performance of the Luton Magistrates Court building using current thermal 
performance of building and then using available upgrades. Note the significant reduction in lighting loads as 
a result of introducing roof-lights into the deep-plan areas of the building.
The above scenario will depend on the ability to inject the current voids in the cavity with insulation, and the 
replacement of the current single glazed window units with double glazed low emissivity coated windows. 
The assessment is pending on the wall insulation since the costs involved have not yet been agreed. The 
w indow strategy has been fully costed, and the w indow upgrade alone will deliver approximately 17% 
reduction in heating loads. The additional costs of installing new windows is approximately £40,000, but until 
the full insulation strategy is costed it is not considered appropriate to demonstrate the cost implications of 
w indows alone, as they would be considered as part of an integrated strategy.
In conjunction with the Bedford Magistrates Court Project, this developm ent has also been put on hold.
5.3.4 Wallsgrave Hospital
This project has been selected in order to evaluate the performance of the Energy Toolkit on a building with 
more complex functional and technical specification. It is in buildings of this nature where simplified 
modelling tools such as Energy-10 face problems with ventilation strategies, and the complexity of thermal 
zones. However as a tool on which to base an energy strategy for the building the lessons remain valid. It 
proved particularly important in this project to continually remind the design team that the figures from 
Energy-10 in this instance are only indicators to potential performance improvement, and are not absolute 
consumption figures, which are usually interpreted as targets.
Coventry’s W allsgrave hospital PFI is a £225 million restructuring programme for an existing site, termed a 
site consolidation. Essentially, this entails the demolition of all but one of the site buildings and a program m e 
of new construction works. The hospital and site will remain fully operational during the construction
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programme, and hence the project represents a significant logistical challenge as departments are decanted 
between existing and new buildings. Following the completion of this decanting operation, the existing 
buildings are to be demolished, again without affecting the function of the hospital. The new site will 
essentially comprise of four distinct building units. Firstly and most significantly the acute hospital facilities, of 
approximately 86,000 square metres, housing the majority of the clinical functions of the hospital along with 
approximately 1000 bed spaces. The remaining units are a Clinical Sciences block (a research and teaching 
facility), the mental health unit (a residential home for the mentally ill), and a limited number of on-site 
residences, mainly nurses accommodation.
What is immediately apparent is that the residential type units can, if they are constructed in the same 
manner, borrow heavily from the experiences, lessons and recommendations that have arisen out of the 
University of Hertfordshire residential development. It must however be recognised that each successive 
project of a similar nature represents a further opportunity to refine the formula further still. It is important that 
this design procedure captures the lessons learned from projects such that they do not need to be learned 
again and again. This transfer of knowledge between like projects (a typical construction industry problem) is 
to be addressed by the development of a project design archive, a record of all the key energy efficiency 
decisions made on a project. There is a potential danger in that the archive may be used to bypass the tool, 
and lead to an inappropriate strategy being universally applied. The archive will not present detailed data, 
but rather key design parameters such as U-values, construction methods, ventilation strategy, lighting 
strategy, orientation and site details. It is intended that the archive be used to demonstrate the potential 
value of the tool to future projects, and to provide a useful starting point in a new analysis.
Considering the high significance of the acute Hospital buildings in terms of whole site energy consumption, 
it is this building which will be the subject of analysis. This building is complex and diverse in terms of its 
function, but also in terms of the internal environments (light, temperature, humidity etc) required to perform 
these functions during various parts of the day, some areas will be open 24 hours, while others will only 
operate during the day. This represents a significant challenge for Energy-10 since the methodology can 
only evaluate two operational zones, and there will be at least 6 in a hospital building of this nature. These 
zones are areas which have like occupation, thermal light and other environmental requirements, and for 
example an entrance area, a ward area, an operating theatre and a hospital mortuary all require very 
different conditions to support and maintain their respective functions. In order to use Energy-10 the building 
was physically divided into three buildings. This was made possible in the later stages by the design of the 
proposed building which was in three distinct blocks with limited points of contact between them, hence the 
consideration of each unit as an individual building.
Hospitals are amongst the highest consumers (per unit area) of energy in the built environment (Pout et. al.
1999) consuming almost twice the energy per unit area of air-conditioned office. These significant energy 
consumption elements arise mainly from heating loads and high ventilation rates that are medically critical to 
the maintenance of a suitable internal environment. The table below (figure 5.27), taken from government 
statistics on non-domestic buildings, demonstrates a typical energy profile for an acute hospital. Lighting and 
heating are some of the main factors strongly influenced by the orientation and glazing characteristics of the
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building. This in turn means that these initial strategic decisions in situating and formulating the building are 
critically important in achieving a significant improvement in performance.
Energy Consumption Elements GJ/m^/yr % of Total
Heating 1.5 55
Domestic Hot W ater 0.75 27
Catering 0.25 9
Lighting 0.15 5
Cooling 0.1 4
Figure 5.27: The energy profile of a typical hospital from national statistics. (Pout et. al. 1999, p91, see 24 
month Report)
Energy-10 is not designed for use on large buildings, and as such, the built-in parameters surrounding 
ventilation, heating and cooling options are primarily those you would find in smaller buildings. W ith careful 
treatment of the building, the tool can still be used however to ascertain the relative performance of 
alternative design options, and indeed the results obtained from the tool for the typical “good practice" 
buildings (using current building regulations benchmarks) suggest correlation with government statistics. The 
LT method was an alternative energy assessment m ethodology considered for this building. However this 
tool in its current form is unable to deal with insulation levels as a variable, and considering the heating loads 
on such a building, these measures are considered paramount. The LT method is shortly to reach its phase 
2 release, in a fully computer based model which allows far easier interpretation and input of data. The new 
version also allows the variance of insulation levels.
The benchmark model building produced through the Energy Toolkit suggested the following range of 
possible performance:
Wallsgrave Acute Sector / AutoBuild Shoebox
ANNUAL ENERGY USE
Reference Case I
500
400
300
200
100
Low-Energy Case
459
336
100
14
Heating Cooling
9 8
Lights Other Total
Figure 5.28: Low Energy and Reference Options for the W allsgrave Acute Hospital Building.
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On the Wallsgrave acute building, the location and orientation of the building was slightly constrained by the 
existing layout of the site, which needed to be maintained in an operational state. Two alternatives emerged 
in situating the building on either a north-south primary axis (with main facades facing east-west) or an east- 
west axis (with main facades facing north-south). Both options had their benefits, but the difference in overall 
energy performance was slightly over 1%, hence considered insignificant. It is important to note that 
compared with the east-west option the north-south option had reduced cooling loads, but increased heating 
loads. This is the effect of passive solar gains on the south facing façade, and suggests that this option will 
need careful consideration of solar shading to the south.
The use of design tools such as Energy-10 on highly complex and larger buildings can present problems.
For example the Wallsgrave Main acute buildings consist of approximately 6 separate thermal/lighting zones 
across a total area exceeding 60,000m^. Although it was apparent that generalisations can be made about 
these zones, it is also notable that more basic energy modelling tools such as Energy-10 are less effective at 
inspiring the necessary confidence in such buildings. This presents a gap in the marketplace, a simple 
strategic tool that can deal with large and complex buildings.
Following a discussion with the developers of Energy-10 on this matter, (Douglas Schroeder of the US 
Sustainable Buildings Industry Council, and Doug Balcomb of the National Renewable Energy Laboratory), 
the Energy-10 user interface is shortly to be developed with more detailed simulation engine based on a US 
DOE tool, EnergyPlus, considered in the preceding chapter. This approach, using a simple, intuitive user 
interface to front a more sophisticated underlying program would appear to be a major breakthrough in 
promoting the cause of energy efficiency on a wider range of more complex buildings.
5.4 Summarising the Findings.
A more detailed discussion of the practical applications of this procedure appear in the following chapter. 
What is immediately apparent from these applications is the ordinarily very low level priority of energy 
performance issues. Although it has often been considered that the main constraints to achieving energy 
efficiency are the client driven issues, there are clearly a number of factors, witnessed here first hand during 
four independent design processes which are equally if not more important than client driven issues. Their 
importance is due to the fact that clients are not necessarily receiving correct descriptions of the potential of 
energy efficient building strategies, and reasoned accounts of the potential costs and benefits of these 
approaches. It has been considered by some academics such as Shove (1999) that the main reason that 
energy efficiency is not being widely achieved is that the current modes of thought assume that clients will 
act rationally on information available to support an energy efficiency strategy. This may be true, but if clients 
are not receiving the correct quality of information from the design and construction community on these 
issues, then how can this assertion be tested? It is interesting to note that Shove’s work was based upon 
interviews and not practical observations.
It is clear from these projects that substantial environmental and economic benefits can accrue from making 
relatively minor adjustments to the design, provided that early design intervention is made. These design 
adjustments do not result in ungainly, or outwardly green buildings, but rather buildings with inherently
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efficient material and technical balances. In order to fully realise these available benefits, tools such as the 
Energy Toolkit will need to facilitate far more effective cross-party, cross disciplinary communication. One 
way in which this could be achieved is a review of procurement practice amongst the client community, as it 
is evident that in more traditional competitive tenders, the efficiency hurdles discussed throughout this thesis 
are amplified to an even greater extent. PFi projects present a great opportunity to demonstrate the widely 
applicable, widely achievable benefits and wider implications, and the remaining contractual barriers within 
this process should be reviewed such that this valuable demonstration vehicle can work more forcefully.
The central project application used in this research, and the energy toolkit approach has been featured in 
the BRE’s Design Advice Review brochure (BRECSU, 2001) (see appendix B). This building outwardly 
features little of what might typically be considered to be a “green” building, and yet demonstrates excellent 
energy efficiency potential. A minor shift in the way in which projects are conceived, procured, 
communicated and delivered mean that this currently superior level of efficiency could become typical 
practice. This may shift attention from energy efficiency as the most pressing environmental concern within 
the construction industry, and demonstrate substantial economic savings for the parties involved not to 
mention the avoided environmental burdens, important on the local to global scale.
5.5 Conclusions
There were obviously a number of constraints concerning the availability and timing of construction projects, 
delays are frequent, and considering the competitive nature of PFI there was never a guarantee that the 
project would be successful in transcending from stage to stage. The retrospective application on projects 
was deemed pointless after the approach had been developed, adding another case study to the file of what 
could be achieved. It was considered that if the Energy Toolkit was to be developed successfully then the 
project should always have been in a live stage of development, where real decisions and real barriers could 
be addressed.
The University of Hertfordshire has represented the core demonstration case in this thesis. The other 
projects however present additional valuable lessons. On the university residence development, significant 
influence was achieved on the way in which the buildings were conceived. Considering the nature of the 
Energy Toolkit where design influence is sought actually before any sketch drawings have been made 
(where possible) means it is sometimes not possible to understand what might have been if the procedure 
was not available. It was apparent however that during the development of the designs there were a number 
of potential threats to energy efficiency which were directly dealt with though the energy toolkit approach, 
and successfully. The two specific instances were the value engineering process, and the consultants 
calculation error, both of which initially threatened to erase the package of proposed energy efficiency 
measures.
The scheme design stage on the university project gave rise to the proposal of a solar water heating 
scheme, proposed through the analysis of Energy Toolkit data, and subsequently reviewed economically 
using the LCC approach. Although it became apparent when analysing these results that the cost of 
installing a site wide scheme was not going to be feasible at a capital cost of well in excess of £1 million.
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However approval has been gained for a trial of the scheme on one of the student blocks housing up to 120 
people. An important aspect of this trial is that the mono-pitch roofing on the rest of the site has now been 
reoriented to face a southerly aspect in anticipation of a retrofit of either a solar water heating scheme, or a 
solar PV scheme in the future. This is a very important peripheral influence of the Energy Toolkit approach.
The following chapter discusses the results, the successes and limitations of this study in more detail, seeks 
to set the findings and future work into the context of literature already reviewed, and an additional broader 
base of thought.
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Chapter 6: Summarising the Demonstration Experience and Implementation of The Energy Toolkit
The application of the Energy Toolkit on a number of live construction projects has demonstrated some of 
the long realised barriers in achieving energy efficient buildings, most notably those barriers which surround 
the reluctance on the part of clients to accept increased capital costs in turn for an operational repayment. 
However more notably it has also been demonstrated that:
• Small modifications to typical design practices have the potential to deliver significant environmental and 
economic benefits.
•  The Energy Toolkit is able to facilitate, support and defend these modifications throughout the design 
process, as well as to examine more advanced building options.
• Offering options of this nature has the potential to improve relationships with the client and to open new 
avenues of communication.
•  Contrary to Bordass (2000) energy efficiency proposals when justified by economic and environmental 
appraisal do carry some weight with clients, and was a key part in the decision by the University of 
Hertfordshire to select Carillion as the preferred bidder for the development. Furthermore Carillion were 
prepared to keep these features in the bid even though the contract would not allow the consortia to 
recoup the investment in operational energy savings.
Using the university project as an example it can be seen how typical buildings and building systems are 
only a fraction as efficient as current technology permits. Even the Government’s own “good practice” 
benchmark for existing facilities is an unrealistic target for a new build situation, as simply adhering to 
minimum Building Regulations standards can surpass these figures. This does not encourage the necessary 
innovation to seek a long-term solution to the clients requirements, and does not generate the necessary 
appreciation as to what constitutes a reasonable level of energy performance in a particular building type. In 
the very first instance the Energy Toolkit can be sued to generate more aspirational targets for the design 
teams and clients to pursue from the earliest stages of the design process.
The fact that buildings are currently only a fraction as efficient as current approaches allow is rooted in a 
wider challenge facing the industry concerning how parties communicate and conduct business. This has 
been widely reported in the Egan Report (Egan, 1998), and a number of earlier Government funded reports 
such as Latham (Latham, 1994) and Ban well (Banwell, 1964) discussed in chapter 1. The reform agenda is 
clearly active within the industry, although energy, environment and sustainability issues are often not 
explicitly recognised within that agenda.
Many of the communication constraints that are affecting the industry’s profitability, reputation, cost control, 
quality and safety, all clearly identified within the reform agenda, are intrinsically linked to those that are 
affecting energy efficiency, although the link is not formally established. It is clear from this debate that the 
construction industry urgently needs to address the way in which it communicates both internally and 
externally, and the way in which it structures itself, and its contracts.
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The purpose of this chapter is to discuss the results of the study, and the implementation of the resultant 
procedure in light of the introductory chapters which set out the environmental challenges, the theoretical 
frameworks, and the design environments in which the Energy Toolkit procedure is required to work.
The energy efficiency debate is permeated by two strong modes of academic thought, firstly what Shove 
(1998) calls the “conventional package” of socio-technical beliefs. Furthermore the Khazzoom-Brookes 
postulate (Brookes, 2000), and the challenges of a number of energy economists who believe that energy 
efficiency at the macroscale might actually increase energy consumption through a misbalance in resource 
allocation. These challenges and other broader issues of debate in energy efficiency thinking will be 
discussed in the following chapter along with what this means for the Energy Toolkit, and the drive towards 
more efficient built environments.
It is clear from the results obtained during testing and implementation, that the Energy Toolkit has the 
potential to influence the decision making process during design. This influence has mainly been seen in 
identifying energy-related opportunities, understanding their implications, and then, equally importantly, 
monitoring and defending them during later stages of the design process. It is notable how grand ideas early 
in the design process are stripped away to the bare essentials at the later stages as the project and client 
constraints of cost, time, quality and risk begin to make their presence felt. It is during the later stages where 
previously conceived energy efficiency proposals are put at risk, especially when the final offer is being 
made to clients, who may or may not have suggested that the previous scheme was unaffordable.
6.1 Key Research Observations
A number of interesting observations arise from the application of the Energy Toolkit to a number of live 
construction projects, some of these key lessons have been discussed in the previous chapter, and all of 
these are summarised below and some are discussed in more detail in the subsequent text.
1. There are a number opportunities to dramatically improve the energy performance, particularly of new 
buildings, and even within the current economic/design climates. These opportunities are being lost on 
the majority of building projects.
2. Energy performance of buildings is viewed as an inevitable consequence of the design, and is not 
typically actively managed in the design process. Predictions about a building’s energy performance are 
not made until design work is at an advanced stage or otherwise fully complete.
3. Significant savings are also available on refurbishment projects, although heritage and historical 
buildings are more limited in the opportunities they present.
4. “Best Value” approaches to building design exist some way beyond current building regulations. Tools 
such as the energy toolkit are useful in seeking these optimal solutions to the clients needs and 
integrating these requirements at an early stage of the design process.
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5. Value engineering exercises are typically centred on reducing capital costs, even in PFI (where they are 
typically used) with lesser regard for how these changes affect long term performance such as energy 
efficiency and operating expenditure.
6. Very short payback periods are readily available, while still delivering significant environmental and cost 
benefits. These short payback periods are not appreciated by design team members or clients who 
automatically assume longer periods when dealing with issues of energy efficiency.
7. Achieving a new standard in energy efficiency depends as much on the integrity of the team and the 
communication between client and the design as it does about having the correct tools available at the 
correct times. Tools such as the energy toolkit however help to facilitate this internal and external 
dialogue, and as such issues of information and dialogue should be seamlessly integrated.
8. There is a low level of understanding amongst building professionals as to what constitutes good energy 
performance. For example on page 125 it was considered that the external consultants on the University 
of Hertfordshire project were unable to identify any errors in their calculation, despite their proposed 
targets being almost 4 times that of the Energy Toolkit low energy benchmark, and two times that of 
current government good practice.
9. The basic building design parameters of footprint, orientation, glazing, insulation and infiltration are 
where the most cost effective solutions lie, and hence these items should be optimised before 
considering more outwardly innovative technical solutions. Optimising these parameters alone can 
deliver savings in the order of 50% against current minimum building standards.
10. Mechanical and Electrical consultants bring with them a number of threats in achieving energy efficiency 
from the fee structures to more technical issues, their insistence on using historical and past project data 
to form early strategies for heating, cooling and lighting equipment should be addressed.
11. There is a low level of appreciation as to the potential benefits of energy efficiency measures, at the 
early stages of a project; many potential strategies can be eliminated on the basis of cost and risk 
without being in possession of substantive supporting data.
12. More challenging Government yardsticks/targets for each built sector should be studied as a matter of 
urgency. Simply adhering to building regulations can frequently exceed current “good practice” 
benchmarks. The existing figures, whilst not intended to be used as strict “targets”, are being used as 
such, and give a false impression of what constitutes good performance.
13. There are a number of weaknesses in the design process which need to be addressed, and this will 
depend upon fostering earlier working relationships with clients in order to ensure that the design fully 
meets the clients broadest requirements.
156
14. The PFI procurement route, although a good demonstration platform for long term thinking in building 
design, has a number of weaknesses from an energy performance perspective. These constraints are 
limiting otherwise robust long-term solutions. These limitations arise from the fact that design 
specifications usually demand very tight tolerances on temperature with large penalties for exceeding 
these guidelines. This in turn can potentially lead to an over-specification of building services, which then 
run at reduced capacities and hence at reduced efficiencies. Another constraint is the insistence that 
utility costs are separated from other physical aspects of the cost model. This essentially means that 
energy costs are separated from those features and products that are instrumental in its conservation. 
The Energy Toolkit has to a certain extent overcome this barrier as is evident in the implementation of a 
solar hot water heating scheme on a scheme where the PFI consortia are not responsible for energy 
costs. There however exists no formal route through which such strategies can be funded.
15. The feedback loop between the completed building and the design stage is undeveloped. This means 
that the successful and unsuccessful aspects of building in operation are not fed back into the design 
process. The consequence of this is that each building design would appear to start from first principles, 
and would not necessarily learn from the performance previous buildings. Such a link between design 
and use is essential when using such tools and techniques as the Energy Toolkit since it provides 
feedback on real world rather than simulated benefits and as a result generates confidence in using 
energy simulation as a means to inform the design decision making process.
The application of the energy toolkit to a number of live construction projects has led to a number of 
successful modifications to more typical practice. What is strikingly apparent from these limited, but widely 
representative projects, is that the level of opportunity to improve the energy performance of buildings is very 
significant. This means that approaches such as the Energy Toolkit have a valuable role to play in reversing 
the current concerning trend of building inefficiency. The challenge in ensuring that these approaches are 
adopted as standard building practice is not technical innovation, but rather the multi-level, structural and 
sociological barriers which exist between the inception of building proposals and the completion of the 
design and construction process. Technical innovation does have a part to play however, in the progressive 
improvement of specific energy efficient technologies, making them more economically viable, more reliable, 
and more durable.
What is apparent from working on these and a much wider range of other projects is that this obvious 
opportunity to improve energy efficiency is being lost on the vast majority of construction projects. Energy 
efficiency even in PFI projects is not addressed until the design is complete, unless the client demands the 
development of a target, and even then the practices can be less than satisfactory, as will be demonstrated 
in the following discussion.
The barriers to energy efficiency, discussed throughout the thesis have been encountered “live” during this 
research, and also some additional barriers that were not considered in the literature. The majority of these 
benefits are well recognised by construction professionals, but they are not always perceived to be a threat 
to energy efficiency, or envisaged in such a manner that makes identifying these barriers possible. Similarly
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these barriers have largely been neglected in energy policy and policy literature. “Furthermore, conventional 
policy measures such as the building regulations leave these barriers largely untouched” (Sorrell, 2001, p2).
The most economically viable approaches to improving energy efficiency arise from the treatment of the 
building façade, that is its orientation, glazing and insulant properties. If energy efficiency measures were to 
go no further than the consideration of these factors, then significant environmental benefits can still be 
accrued. The realisation that payback periods in addressing some of these parameters are very short, even 
within current economic and energy climates is something that needs developing with clients. Even 
speculative developers who wish to rent out space or sell space on should note that these savings could pay 
back well within the first few years of the initial tenancy. Although energy efficiency of space is currently an 
untested means of marketing buildings, tenants and building owners will undoubtedly be interested to hear of 
such cost-effective measures, especially as there are wider benefits to be gained from such space, ranging 
from public perception to staff productivity.
Over the past few years PFI has been a sensitive political issue, with many questions arising out of the 
profitability of such schemes for private sector companies, the transfer of staff from public to private sector 
employment, and the value for money in such schemes against more typical practice. While this research 
has little to contribute to the wider political debate on PFI, it is clear that the procurement route provides 
ample scope for the Government to lead by example in the field of sustainable construction. Since the 
private sector takes the finance risk over an extended period, there is significant scope for government to 
experiment with environmental approaches and technologies without incurring significant financial 
imbalances. This opportunity has not yet been explicitly seized, and according to some commentators such 
as Jonathan Porritt, this is sending a curious signal to wider business. Speaking at a Carillion Sustainability 
Forum in 2001 he stated:
“How can Government lecture business when they have barely moved to square b themselves?”
(Porritt, 2001)
The weaknesses in PFI contracts with respect to energy efficiency represent significant barriers to achieving 
the full potential in such conditions. It is clear that PFI represents a model for considering future approaches 
to building procurement, procurement in which the design and contracting group remain at risk during the 
building’s operation, and then the client is charged a single unitary payment over the term of the contract. 
These type of approaches are under development for private sector organisations.
Refurbishment projects are often considered a priority in terms of energy efficiency since these buildings 
proportionally represent a much larger sector in the built environment. Although this work has not focussed 
on refurbishment projects to any great extent, it is evident that the significant opportunity is still available on 
this type of project. Historical buildings present a significant challenge since the options available are likely to 
be very limited. There is a balance to strike in maintaining the historical character of these buildings with the 
reduction in energy related emissions from power plants which are causing their external decay. When 
dealing with Bedfordshire magistrates’ court it was clear that the modifications that would be required to
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improve energy efficiency would not be acceptable strategies to those protecting the historical interests of 
the building.
The significance of existing buildings in national energy efficiency statistics has often been used as a 
justification for relaxing the efficiency requirements for new buildings. This mode of thought can be seen 
implicitly in the recent meeting between CIBSE and Environment Minister, Michael Meacher, reported in 
BSEE (Building Services and Environmental Engineer) in May 2001 :
“Environment Minister Michael Meacher....is told by CIBSE representatives that making new 
buildings more sustainable will be totally inadequate in meeting the target of a 60% reduction in
building-related carbon emissions by 2050 buildings are replaced too slowly for improvements to
new stock to yield the level of emissions reduction needed”
Whilst it is clear that the performance of existing buildings needs to be improved, the substantial lost 
opportunities posed by new buildings in terms of their energy efficiency should not be overlooked. Simply 
adhering to current Building Regulations may deliver buildings with efficiency way beyond that of some 
existing buildings, but any notion that a building constructed under these current regulations is an inherently 
efficient investment for the future is a fallacy. Relatively small design modifications at relatively little or no 
cost can radically improve on these standards.
Separating the energy performance of existing buildings with new buildings in national benchmarks would 
represent a major step forward. At the moment BRECSU (Building Research Establishment Energy 
Conservation Unit) publish energy efficiency benchmarks for a wide range of buildings. These benchmarks 
are divided into good practice and typical practice, and are derived from energy surveys conducted in a 
number of existing buildings within specific sectors. It has been demonstrated in this research that these 
benchmarks provide little guidance and inspiration to those seeking efficient approaches, and are wholly 
inappropriate to the new build situation where potential levels of performance are significantly higher. Further 
research should be conducted across these sectors to establish whether this issue is true of all building 
types. The NHS incidentally has recently issued new far stricter energy performance standards, both for its 
existing estates and for new build and refurbishment activity. The target for areas of new build estate is some 
40% below that of the BRECSU “good practice” benchmarks. These targets will require a significant shift in 
the way such buildings are conceived, but also, specific to the NHS they will have to clarify the indices used 
to report performance, which at the moment are based on GJ of energy per lOOm  ^of internal area. Including 
and excluding certain areas of the building, such as ceiling voids can have a significant impact on the 
performance figure quoted. Furthermore the new NHS targets do not make it clear whether peripheral 
building functions such as accommodation or offices, whose energy consumption per unit area is 
significantly less than genuine hospital space can be included. This stifling confusion in measurement 
systems has demerited the targets to a certain extent, and has led to a large number of potential loopholes 
though which to massage the figures and achieve the target. It will undoubtedly be interesting to see how the 
recently tendered NHS hospitals perform in this respect.
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It is true to say that the BRECSU benchmarks were never intended to be used as targets for new build 
activity in the same way as the new NHS targets, but anecdotal evidence encountered during this research 
suggests that this message has not been widely recognised. When building energy performance has been 
established late in the design process, that building will be compared and oriented against these existing 
building benchmarks in order to establish its performance. This means that new buildings are being 
benchmarked against “good” (and not even outstanding) examples of existing building stock, perpetuating 
the complacency in building performance.
Realistic and challenging target benchmarks for new buildings would guide clients into a deeper 
understanding of what to expect from their new and refurbished buildings in terms of energy efficiency, the 
lack of which was a key finding of this research. It must be remembered that many construction clients are 
inexperienced in construction procurement, for an owner-occupier or NHS Trust Chief Executive for example, 
a major construction project may well be the first, and last building they ever acquire in their working lives.
This relatively low level of energy efficiency awareness would also appear to manifest itself from those within 
the construction industry. The University of Hertfordshire project demonstrated that construction 
professionals involved in energy related decisions would also benefit from a greater awareness as to what 
constitutes good performance. This situation has already been highlighted in the previous chapter. The “new- 
build” energy targets called for above would also reduce the chance of major energy modelling errors being 
made by providing a quick reference “reality check” for projected performance. The error made by the 
specialists in this instance would have undermined all of the previously developed energy efficiency 
proposals, and therefore was a potentially highly significant error, but this error would have been made more 
obvious if a more representative and realistic demanding benchmark had been available.
An alternative perspective on the above was encountered on another project of similar general 
characteristics. Here the building services consultants recognised that the energy target for the facility 
generated internally was rather high, but that the client had not made mention of this during the development 
of the contract. Since the client had not queried it, he argued that although the figure was probably far too 
high, that this could be used to their advantage since:
“It should also be noted that energy calculations can be notoriously inaccurate by up to 25%, and 
that no matter what the consumption figures are calculated at, the actual energy consumption will be 
what it will be.
We have compiled the calculations such that we don’t fall into the trap of underestimating the energy
consumption figure Better to be confident of the figure proposed and be pleasantly surprised at
a reduced consumption when the building is up and running, whilst we understand the through life 
costs for energy should not look excessive.” (Anon, 2002)
Actually what this totally unrealistic figure served to do was stifle any practical attempts to improve on the 
performance figure quoted, although this debate is ongoing. The way the above quote is phrased suggests 
that this building services engineer is very much considering energy consumption as an unavoidable by­
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product of the design, and not something that can be actively controlled and managed throughout that 
process.
Integrated design has often been considered to be a prerequisite of energy efficient buildings. While it is true 
that the delivery of more integrated design processes are essential in the delivery of more efficient design, it 
has been demonstrated in the application of this procedure that energy efficiency itself could provide a driver 
for integrated design rather than vice-versa. It has been necessary in order to develop the approaches 
described chapter 4 and 5 to engage in a more integrated design dialogue. Clients, future building users, 
architects, project managers, services engineers and economists were involved in creating the strategy on 
the University of Hertfordshire, and this wide understanding was to prove important in maintaining the 
features throughout the design process. This was to prove particularly important during value engineering 
exercises where significant cost savings had to be made, but energy efficiency proposals were successfully 
defended by the design team.
PFI is being heralded by Government as the future of public service provision. In terms of building and 
construction projects its fundamental advantages are obvious, the long term provision of services should 
mean better value to the client as well as more efficient and durable systems. In speaking to an Energy 
Manager on an NHS estate, which was in the throws of a PFI bid itself he highlighted the fact that:
“NHS accountants die at anything over 12 months [payback]...they just don't think in terms of whole 
life costs... we tried to stretch our payback periods to three years but it never happens that 
way...their approach is to minimise upfront costs and then sweat an asset until it falls down” (Anon, 
2002)
The PFI route of procurement offers obvious and significant advantages over this way of thinking, although 
some of the contractual barriers are severely restricting the potential performance. The two most upfront 
issues are the separation of energy costs from the PFI consortia’s contract. This leaves the contractor in 
control of all of the physical features of the building which influence its energy performance, and yet allows 
the contractor no way of recouping those savings over the life of the contract. Also the insistence that design 
internal temperatures are strictly adhered to leads contractors to find mechanical solutions to guarantee that 
their solution will not fall foul of these requirements. If space was allowed to go above that design tolerance 
for more than a specified number of hours per year, that space would be classified unavailable and a fine 
would be levied for each hour that was the case. Some of these fines are disproportionately high and are not 
usually finalised until the contract reaches financial close, hence contractors are usually err on the side of 
caution here.
Another contractual challenge for energy efficiency in PFI is a design benchmark, produced by the client 
known as the Public Sector Comparator (PSC). The PSC is designed to ensure that the PFI mode of 
procurement is providing the public with a good value service. Essentially the PSC is a partially designed 
scheme which reflects how much the scheme would cost to construct and operate in the Public Sector. 
Invariably the PFI scheme is compared against this in order to ascertain value for money. The PSC 
ultimately sets a balance between capital and operating expenditure, which although is not absolute, is
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believed from within the contracting organisations to reflect negatively on any attempts to significantly inflate 
capital costs, regardless of the effects on operating expenditure. A more recent development to this has 
come to light in the past 12 months, hence after the main demonstration projects described in chapter 5 were 
completed. In PFI project it is typical for a client to describe their affordability in terms of a unitary charge, or 
in other words a total cost for repaying the capital and operating the building throughout the concession 
period. In bids that have recently been put to market, especially in the health sector, this information has not 
been made available to the bidder. The only information concerning the clients benchmark for affordability is 
a notional price for construction costs should the project be built using a traditional competitive tender (based 
on the PSC described above). This quoted price describes a building which may already fall short of the 
client’s own output specification, and hence simply to meet the specification might necessitate exceeding 
that benchmark cost plan. Given the perception of the high cost of PFI by the unions, the public and also the 
Government, the pressure to pare down the building to its least cost fundamentals becomes evident; value 
added features which fall outside that way of thinking jeopardise the acceptability of the design given this 
very narrow perception of client “affordability”. Although it is not correct to call this observation a trend, it is 
concerning to note that any PFI projects are being assessed using these traditional tendering principles. 
While this may lead to solutions which compare as favourably as possible to sector benchmarks, they may 
serve only to stifle creativity and ultimately offer poor long term value to the taxpayer, against what could be 
achieved under PFI conditions.
This collection of perverse relationships between long term contracts and short term thinking is having a 
marked effect on how PFI is being approached from both client and contractor angles. Consider on the 
University of Hertfordshire project for example where the client selected an electric heating system for the 
reason that it reduced upfront costs. In making this decision the Energy Toolkit had already demonstrated to 
the client that every year for the duration of the contract the client would actually pay more as a combination 
of capital repayment and energy costs, notwithstanding the environmental consequences, over a gas fired 
boiler system.
The Carillion consortium secured the university project based upon its approach to energy and sustainability 
issues. With a number of other factors being equal it is an encouraging sign that this became the most 
significant differentiator. It is interesting to note that none of the other bidders had offered a specific project 
response to energy and sustainability in spite of the specific questions in the bid requirements. In a client 
presentation both other bidders categorically stated that making any steps towards meeting the client and 
local authorities sustainability tests and principles would make the scheme unaffordable, completely contrary 
to the principles behind the Energy Toolkit. This goes some way to demonstrating the low level of 
engagement in these issues across the industry, and ultimately what effect making the necessary positive 
steps might have.
6.2 Implementing the Energy Toolkit Approaches
Following the testing of the Energy Toolkit on PFI projects, the Carillion board agreed that the process 
should be rolled out to the whole of the construction and design businesses. This phase of implementation
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was designed to help people get to grips with the issue of energy efficiency and the tools included in the 
Energy Toolkit in aiding the delivery of such approaches.
The implementation of the Energy Toolkit is important to demonstrate that it can be understood and utilised 
by a third party In order to impart design and client influence, and on a wide range of projects including those 
which both do and do not involve Carillion design management. It was initially intended through this 
programme of implementation to also make the approach available to the wider marketplace, including 
Carillion’s key clients and architectural and services consultants for their use where appropriate. These 
parties will also be included within subsequent training events. The purpose of this chapter is to discuss the 
implementation process so far, and to include indications of potential future areas for development. Also 
discussed is the level of integration within the business, and the perceived level of integration within existing 
building procedures.
6.2.1 Stages of Implementation
The process of implementation has been ongoing with a series of presentations keeping the business up to 
date with the developments in the process and its application. Following the end of the trial process 
discussed in the last chapter, and when the tool was deemed to have reached a suitable stage in its 
development, the second more advanced process of implementation was initiated. This process included 6 
core features:
1. Education/Awareness: Although energy efficiency is widely appreciated within the industry it if often not 
clear that this is essentially the largest environmental responsibility of the construction business. This 
part of the process will ensure that the need to consider energy performance from an environmental, 
economic and business perspective is widely appreciated and understood, and that the deliverable 
benefits of this approach to the business and clients are recognised. This element has been achieved in 
a series of information seminars run throughout the business through design management groups, 
environmental committees and board meetings. The exact presentation varies with the audience. This 
has further been achieved with an article in the internal Carillion News letter (see appendix B) 
representing a good forum for disseminating the knowledge to a wide internal audience. This forum has 
proved particularly useful in generating the necessary wide interest in the approaches, and its potential 
relevance to the wider Carillion businesses, and in order to develop a core group of people who will carry 
the Energy Toolkit into their projects and businesses.
2. Project Initiation and Funding: The implementation of the procedure requires the purchase of the 
license for the Energy-10 software for the required number of users within the business, and the 
approval for potential additional funding for further users and/or further software items in the future. The 
justification for expenditure on these items is achieved through the experience, and benefits derived from 
the trial application phase, and in particular the results achieved from the University of Hertfordshire 
project which was widely claimed to be the key differentiator in Carillion succeeding in the bid.
3. Training: A one-day training workshop through which everyday users of the procedure can be trained in 
its application. A number of the initial delegates will later become expert users and manage the process 
for queries and technical support. Instead of being an artificial learning environment it was planned that
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the main teaching element of this “train the trainer” course would be to work on a real design challenge 
put forward and managed by one of Carillion’s external clients.
4. Learning/Feedback: How the lessons and feedback gained through the implementation sessions can 
be fed back into the procedure in future development, and how the success of the implementation 
process can be measured, and monitored.
5. Ownership: The job function within Carillion Businesses who will own the process and undertake the 
application of the tool through their everyday role. It was considered that no particular role should 
assume responsibility, but rather the nominations should be managed by the respective directors of each 
of the regional businesses which make up Carillion Building. The only stipulation was that the nominees 
should experience a proximity to the design process, the commercial issues and an interface with the 
client.
6. Launch: An event at which the Energy Toolkit is officially launched and publicised within Carillion. From 
this date forward the service will be available to all Carillion clients. The pre-launch event was held at the 
NEC at the Property Show 2001 where Carillion’s key clients, and project partners were introduced to 
the Energy Toolkit and the potential benefits of the approach to building design. The feedback from 
these sessions was very positive, even from the speculative development community who are often 
characterised with the least interest in issues of energy efficiency and whole life performance.
7. Archive: A process through which the benefits of application can be shared and recorded, and through 
which company/industry best practice can be recorded. It is important that the archive is used correctly, 
and is not for example seen as a way in which to bypass the modelling process in finding appropriate 
efficient design solutions. One of the key purposes of the energy toolkit is to promote appropriate and 
unique solutions that are tailored more closely to the predicted use of the building and site conditions. 
The archive should therefore be used to record the level of success in using the toolkit and not as a 
generic indicator of potential performance. Any significant products/innovations that could be 
incorporated into future projects, and their associated costs and benefits can be incorporated. The 
dissemination of best practice around the industry, and the business is seen as a key weakness of the 
construction sector, hence the significant importance of developing this archive and best practice 
database
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6.2.2 Tool Ownership: Developing an Expert User Group
The Energy Toolkit is intended to be applicable across many companies, sectors and functions. Its 
implementation within Carillion will depend upon a current job function, or functions subsuming the duties 
required by the new Energy Toolkit processes. Examination of the Companies “Project Roles and 
Responsibilities” document has highlighted three potential candidates for tool ownership. It was considered 
that the three key features of any potential owner were centred on environmental awareness, and the 
position of the individual within the design development process. It was initially believed that the ET process 
was best owned by the design management function, since the tool is essentially a design management 
support aid. However, limiting the ownership to these groups may only seek to perpetuate many of the 
barriers that exist in energy efficient design, and during the awareness raising phase of the implementation 
programme which involved a presentation roadshow, many other groups expressed an interest in getting 
involved.
Also, since one of the key aspects of the Energy Toolkit process is the wider ownership of energy related 
information, a wider range of individuals was targeted, these groups were selected in order that each of the 
perceived barriers to energy efficiency could be addressed.
Four potential roles were selected to receive initial training, these were selected due to their proximity to the 
design development, commercial issues and finances, and, very importantly their relationships/dialogue with 
the client. The potential options:
■ Design Manager
■ Senior Project Estimator
■ Building Economist
■ Commercial Manager
These groups were invited through regional level senior management to form a central, business-wide expert 
user group. The purpose of the expert user group was to gain a detailed knowledge of the tool such that the 
process could be effectively driven into contracts on a regional basis, and a forum through which ideas, 
examples, case studies and possible future developments can be discussed. A link has been made between 
this user group and the Business Development department who market these approaches directly to clients.
The actual job functions of those in the expert user group cover a wide range of perspectives on the 
business, each member has a core field of influence in either client, design or cost Issues which are 
essential parameters required to drive change. These groups are:
1. Senior Estimators
2. Design Managers
3. Site Managers
4. Building Services Economists
5. Building Services Managers
6. Contracts Mangers
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These groups have attended a one day induction on the Energy Toolkit. The agenda and training materials 
used on this day can be found in Appendix B. The there are a number of follow up meetings to this planned. 
The feedback from this initial session is also incorporated into appendix B, which is a good indication as to 
the reaction of those parties to an essentially new and unfamiliar process.
6.2.3 Interaction with Existing Processes and Procedures
In order to incorporate a new approach into the Carillion business, one of the most important assessments 
that must be made is the potential interface and or conflict with existing projects and procedures. One of the 
major interactions of this project with other developing processes is that of a Carillion wide Life Cycle costing 
package, which is currently under development.
It has been considered that despite the obvious synergy between the LCC project and the costing 
components of the Energy Toolkit, that there is some commercial advantage to be gained from ensuring that
the knowledge generated through the energy toolkit is not made freely available to an external software
developer. It was decided therefore that it should not be incorporated into a proprietary LCC package that 
could be used by Carillion’s direct competitors, but to ensure that when this package becomes available the 
interfaces are established.
6.2.4 Awareness Raising Within Cariiiion
The initial phase of implementation has been the dissemination of the tools and approaches around the 
business. This has been achieved through a series of presentations around the business, an ongoing 
initiative started in summer 2000. The following groups have been introduced to the approach;
■ Carillion Building Design Managers (ALL)
■ Carillion Board Directors (ALL)
■ Carillion Commercial Managers (Special Projects PFI Sector Only)
■ Carillion Environmental Operations Group
■ Carillion TPS Architectural Services (Directors, Key staff)
6.2.5 Implementation Timetable
Implementation of the procedure began in August 2001. Nominations were requested from each of the 
business units involved. The implementation phase was initiated to transfer the knowledge generated 
through this research onto a wider range of front line staff, who deal with issues surrounding energy 
efficiency on an everyday basis. The initial implementation phase covers the basic functionality of the tools, 
their features and limitations, and an understanding of the standard energy toolkit design processes.
The timetable for this implementation process is detailed on the following page:
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Task Start Date End Date Party
Finalise Procedures Ongoing 24/8 AH
Request Staff Nominations 24/8 7/9 AH
Confirm Compatibility of E-10/Carillion 14/9 21/9 IT Dept
Produce Training Plan & Objectives 21/9 25/9 AH
Produce Introductory User Manual 21/9 24/9 AH
Install Software 21/9 21/9 IT Dept
Hold Users Training Day 28/9 11/10 AH
Collate Feedback 28/9 12/10 AH
Ascertain Future Training Needs 12/10 Ongoing AH
Develop a Group Communication Forum 12/10 12/10 AH
6.2.6 Training Day Agenda:
10:00am 
10:15am 
11:00am 
11:20am 
11:30am 
11:45am
12:30pm
1:00pm
2:30pm
3:00pm
3:10pm
3:45pm
4:00pm
Assemble and Install Software 
Introductory Presentation 
Group Discussion
Break and Check Software Installation 
Energy Toolkit Design Procedures 
Energy-10 Introduction
■ Scope of Tool
■ Worked Examples
■ Output of Tool
Lunch
Energy-10 Continued
Introduction to Environmental Life Cycle Costing and ET Spreadsheet 
Break
Environmental Life Cycle Costing: Continued
Bringing the tool together: Closing Discussion, Feedback and Future Actions 
Close
6.2.7 Feedback from the Implementation of the Energy Toolkit
The implementation phase of the Energy Toolkit is in relatively early stages. 17 people, constituting the 
expert user group have currently been trained on the basic concept of the Energy Toolkit, and these people 
will be responsible for the internal marketing and first level support in the tool within their respective 
businesses. More detailed training on the use of the component tools of the Energy Toolkit is anticipated, but 
will be determined at a later stage when the users have been given opportunity to examine the approaches 
for themselves. The general appreciation of the tool following this initial training day has been very good, and 
most delegates believed that the broad approach would add value to their projects and/or businesses. 
Following the training day a number of the delegates made contact wishing to apply the process to their own 
projects and clients. It was the energy modelling section of the tool which has led to the most comments, 
with a large number of people not feeling confident at applying the software. For most of these queries the 
author has provided support in this aspect of the tool, although this would appear to be an ongoing process. 
The Energy-10 modelling software is aimed at the less experienced energy software user, but it does 
demand a certain level of appreciation of building energy systems and elements of consumption. It would 
appear from reports to date that most energy-10 expert users believe that the process is best owned by a 
smaller number of truly “expert” users, and for the existing expert user group to act as the marketing medium 
within the business, and the client base.
167
This development did not fit with the initial intentions, but is mainly due to the fact that non-specialist users 
are not comfortable with the notion of using what is for them a relatively advanced piece of software to 
influence the design development. Most users were however more comfortable with the costing side of the 
process. There is still a gap in the market for an energy tool to meet the needs of these non-specialist users, 
for them to appreciate how alterations in basic building design and specification are influencing building 
energy issues.
Nearly 12 months since this initial round of training the process has become a core feature of Carillion’s PFI 
portfolio and has made some inroads into non-PFI work, most notably with the MOD, but also in the private
sector. The author is still very much relied upon to provide the necessary modelling support, and this is
currently the limiting factor in the depth of application within the business.
6.3 Taking the Energy Debate to the Next Stage: Improving the Energy Toolkit
The final section in this chapter will deal with how the Energy Toolkit can be taken forward, improved and 
refined, based on the experiences of developing, testing and implementing the approach.
The process has been applied to a number of projects with very different functions, and it has been 
demonstrated that both new build and refurbishment projects can be analysed. And furthermore the tool 
could also be used to make objective energy-related decisions to support the decision to select new build or 
refurbishment where there is an option. What has been demonstrated however is that large and complex 
buildings do pose a problem in terms of modelling. One of the most important aspects of any modelling 
process is that you can adequately describe the situation to the model with an acceptable number of 
parameters. Most of the less sophisticated simulation tools such as Energy-10 do not allow the user to 
describe a very large and/or complex building to the model adequately. This is less of an issue when very 
broad decisions are being made when for example glazing, orienting and insulating a building, but do 
become more prevalent at the later stages when decisions have to be made about specific building 
strategies. Buildings such as hospitals would fall into this area of high complexity as discovered in chapter 5, 
frequently there are in excess of 6 independently serviced zones in the building, each of which have their 
own heating, lighting, cooling and ventilation requirements. At the same time these zones are not in discrete 
areas of the building, they may for instance be on a single floor or on multiple floors within an area of the 
same building structure. This is a weakness of the energy modelling tool itself, but also the concept of non­
specialists being involved in modelling a building of this nature does not necessarily work in the same way as 
it does in more simple structures.
The spreadsheet based cost/environment model is to some extent limited by its spreadsheet nature while at 
the same time it has allowed the sheet to be easily adapted to meet the needs of the individual and to ensure 
constant development. Essentially the active parts of the sheet act in sensitivity analysis, based on future 
energy costs, modelling inaccuracies, financial parameters (discounting) against environmental emissions 
parameters.
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The Energy Toolkit process has been relatively well developed to deal with both new build and refurbishment 
projects, but only where the contractor has some influence on the design. It has been considered appropriate 
that Carillion should consider challenging aspects of the design even where they are under a traditional 
contract to price and construct an externally conceived design. The exact process this should follow would 
be a combination of those approaches taken for new build and refurbishment, in that a design is in an 
advanced state of approval, but in real terms many more opportunities are available than in a straight 
refurbishment contract.
Availability of LCC data has not presented as many problems as the discourse might suggest, it would 
appear that the fact that only a relatively small quantity of data is required to perform an assessment, in 
comparison to a full building assessment. However in order for the tool to be used rapidly at the earlier 
stages, a library of information about various building components and their relative costs would be useful, 
for example when comparing upfront glazing and insulation options. This should be relatively straightforward 
development providing that this information is continually updated using the project archive. The costing 
spreadsheet has made allowance for this and how it could be incorporated, although it has not yet been fully 
populated. This would aid the speed of application and user friendliness in the earliest phases of application.
It had always been the intention that the ownership of the Energy Toolkit should encompass parties other 
than those who have been traditionally responsible for energy efficiency issues and programmes, namely the 
building services engineer. The intention was to create a procedure that could challenge these specialist 
parties to achieve excellence in energy efficiency while at the same time improving the realisation that 
architectural, specification, building management and building services functions amongst others have a 
strong influence on the efficiency of the building. This relationship has not yet been fully realised since the 
energy modelling tools required as part of the process are outside the comfort sphere of many of these non­
specialist parties. A decision is still to be taken as to whether modelling support should be provided by a 
small number of operatives, or if more detailed training for these people should be undertaken. In the 
Canadian C-2000 programme discussed in chapter 3, it was stated that one of the most significant problems 
in implementing that programme of energy efficiency was where non-specialists used energy simulation tools 
without fully appreciating what they were undertaking. Certainly it is important to have backup, peer review 
and checking systems to safeguard against spurious results leading to inappropriate design modification, but 
at the same time diffusing the responsibility for energy efficiency is also important. Furthermore the “experts” 
do not always get it right themselves as was demonstrated in Chapter 5.
As has been mentioned throughout this thesis, the clients brief has a significant impact upon the level of 
innovation and opportunity available in the design process. Since this brief is set from within the typical 
modes of thought surrounding energy efficiency (ie: A poor appreciation as to what is, and what is not 
acceptable) then some of this call for innovation is stifled, since the client invariably asks the wrong 
questions. Whenever presenting the energy toolkit approach to clients the reaction has always been 
interesting since the vast majority of responses surround the fact that they did not believe that a low energy 
solution could be delivered within such parameters (RE: Uni of Herts). Integrating the client and the brief 
setting process within the remit of the Energy Toolkit, to set more challenging targets and specifications 
would undoubtedly be very important in encouraging the wider marketplace to engage with these issues.
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Asking the right questions really makes a difference, simply asking for an Excellent BREEAM rating 
(especially when no accepted BREEAM methodology exists for that type of building), a common request in 
bid documentation, is really not enough.
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Chapter 7: Widening the Debate
The development and implementation of the Energy Toolkit has gone some way to address one of the most 
important step changes required in contractors and clients realising a more energy efficient built 
environment. This tool and the solutions that arise from its application form part of a much wider challenge 
facing the built environment, and those who manage, and occupy it. This research has demonstrated that the 
barriers to energy efficiency within the construction industry also operate on the micro-scale with individuals 
and teams rather than simply contract structures and other macro-scale factors. The lessons learned 
throughout the development and applications of the Energy Toolkit have proved to be almost as important as 
the tool itself. The purpose of this chapter, armed with the experience and knowledge of this application is to 
examine the wider issues and perspectives on energy efficiency first encountered in Chapter 1.
7.1 Achieving Improved Energy Efficiency: Government and Policy Responses.
The UK Government have been late to realise the huge significance of buildings as a means of meeting 
Kyoto emissions reductions targets. A large number of measures proposed by government over the past 5 
years have sought to recapture that initiative. These measures are a mix of taxation, incentivisation and 
regulations.
The government response to the encouragement of energy efficiency in buildings can be seen in a number 
of policies and approaches. These are typically:
♦ The Building Regulations: Minimum standards for u-values of external components, and the efficiency of 
plant and equipment installations.
♦ The Climate Change Levy: Taxation on energy use based on climate change potential of the fuels 
involved. At the time of writing based on a cost of 0.43 pence per kWh of electricity and 0.15 pence per 
kWh of gas or other fossil fuel.
♦ The Capital Allowance and Enhanced Capital Allowance Scheme.
The climate change levy at its current level has done little to change the way in which the construction 
community approaches design. However it has particularly aided the application of local generation systems 
such as CHR, which are exempted from this charge if the installations reach a certain level of efficiency, and 
to a lesser extent the application of renewable energy. Future increases in this levy could prove to be 
effective in curbing the profligate use of energy in buildings since it could amplify the economic benefits to be 
gained from such approaches. The Government have already warned (Tansey, 1998) that they are prepared 
to tax energy use more strictly if energy efficiency is not taken more seriously, and the CCL framework could 
be the means to administer such taxation.
The Chancellor of the Exchequer, Gordon Brown, in his November 1999 Pre-Budget Report, announced 
support for business investment in low carbon technologies under the climate change levy package. This has
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allowed for the introduction of a 100% first year Enhanced Capital Allowance scheme, and a £50m fund for 
energy efficiency and renewables. This scheme is funded by a percentage of the revenue gathered from the 
CCL measures. The ECA scheme follows a number of representations from business proposing that the 
Government should introduce tax incentives to encourage firms to make energy saving investments. Capital 
allowances permit businesses to claim corporation tax relief against capital expenditure on plant and 
equipment over a number of years. The ECA scheme allows an upfront 100% tax relief in the first year, 
hence offsetting the additional capital costs of the “improved” equipment.
In December 1999 the Government issued a Consultation Document, 'Energy Efficiency Measures under the 
Climate Change Levy.' Following analysis of the response to the Consultation the Chancellor proposed that 
the ECA scheme would support CHP, boilers, motors, variable speed drives, lighting, refrigeration, pipe 
insulation materials and thermal screens, which meet the relevant energy efficiency criteria. Other 
technologies can be added subject to satisfactory methods of certification and subject to cost-effectiveness 
criteria and controls on Exchequer cost. In designing the scheme for enhanced capital allowances, the 
Government is drawing on a similar model operating in the Netherlands. Eligibility criteria are used to help 
meet the objectives of the scheme, e.g. optimum environmental benefit, cost-effectiveness and innovation.
The individual criteria and technologies are built around the following annually reviewed parameters:
♦ improving energy efficiency criteria, by setting technological specifications above what otherwise would 
be the standard;
♦ promoting 'new' technology, in particular those technologies that have entered the market, but have yet 
to gain market confidence;
♦ increasing market penetration - there must be scope for an energy efficient technology to increase its 
relative share of the market;
♦ correlation between demand and cost - enhanced capital allowances is only be available on products 
where there is a reasonable expectation that the tax-supported cost will increase sales.
ECA’s are a tax relief given through the UK tax system by reducing the taxable profits of the business. The 
Inland Revenue administers claims for these capital allowances. Although the broad aims of the ECA are 
favourable at the detailed level, encouraging new technologies and more efficient plant an equipment, it is 
rather concerning that at the highest level this scheme might actually be distorting the message with regards 
to fundamental building design strategies. In commenting on the impact of capital allowances on life cycle 
costing exercises Clift and Bourke (1999) suggest:
“There is some irony here. A good quality naturally ventilated building that has been designed to take 
advantage of passive environmental control by the use of building mass may be nearly as costly to
build as an air conditioned building. Over life the energy consumption of the non air-conditioned
building could be up to 70% less and maintenance will also be lower. In the air conditioned building 
maintenance and later replacement of the plant as well as the energy costs would be eligible for 
relief. This does not help the case for developing low energy buildings designed to high standards” 
(Clift and Bourke, 1999, p8)
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The summary is that the capital allowance scheme, although encouraging the use of more efficient 
components and mechanical services places little or no encouragement to design out superfluous systems 
altogether. Capital allowances may encourage ‘energy efficiency’ investment in one sense, but not of the 
same order to make the sort of step changes in building energy efficiency discussed throughout this thesis. 
Capital allowances encourage energy efficient substitution, not energy efficiency. In some cases this tax 
incentive may as discussed above be diminishing the cost benefits derived from making fundamental design- 
led changes to the energy performance of buildings.
This is not the only example of the contradictions inherent in the UK Government’s approach to energy 
policy. For example in the recent publication by the Government’s Performance and Innovation Unit (PIU) 
regarding energy issues the recommendations were dominated by the need to invest in renewable energy. 
This approach should be applauded in principle. However, it should be realised is that the relatively low 
potential outputs of renewable energy will mean that the UK will have to establish a more sustainable pattern 
of consumption before such an approach is able to generate a significant portion of the UK’s energy 
demand. Investment in energy efficiency measures was mentioned in the same report, reporting for example 
that households should aim to achieve 20% energy savings by 2010 and a further 20% by 2020. These 
findings however were completely overshadowed by the call for renewable energy systems. In the strictest 
terms these measures are largely irrelevant unless we start to get a firm handle on improving the energy 
performance of both new and existing buildings. Annual investment in renewable energy is unlikely to keep 
pace with the increase in energy demand as a result of new and inefficient construction.
Information as to what constitutes good performance in certain building sectors comes from a wide variety of 
sources. The most widely appreciated is the guidance which comes from the Government’s Energy 
Efficiency Best Practice Programme (EEBPP), operated by the Building Research Establishment’s Energy 
Conservation unit (BRECSU). BRECSU produce guidance for a wide variety of sectors on energy 
performance expectations and practical guidance on improving energy efficiency. The guidance is largely 
based on energy audits undertaken in a wide cross section of that particular market, but is solely based on 
existing buildings. Two performance indices are usually quoted, a good practice level, and a typical level. 
This typical level equates to the median performance in the sample, so 50% of the buildings in the sector 
perform better and 50% perform worse. The good practice value represents the upper quartile performance 
level, meaning that 25% of the sample performs better and 75% worse. This good practice performance level 
is an indicator as to the performance of the existing stock and is not intended to be a target for new build 
premises. Experience in the design stage of a number of projects, utilising a wide range of architects and 
building services engineers suggests that this mes^^ge is not getting through, and indeed Government good 
practice is seen as a target by a large proportion of those witnessed. The net result is that the performance 
of existing buildings, buildings which are already accepted to be constructed to less than optimal standards 
of efficiency, are used as the benchmarks for existing buildings. Although meeting these targets is often less 
than demanding, sometimes even adhering to minimum building standards can surpass them.
Although setting aspirational targets or ranges for achievement is important, even more important are 
ensuring that the basic building design parameters have been optimised, and this could be audited in the
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planning approvals process. An approach such as the energy toolkit could provide ample evidence that this 
optimisation process have been achieved within the constraints presented by the site. There is a risk that 
such an approach could jeopardise the creativity of the architectural process, and Its output. Considering the 
fact that the remit of sustainable construction also includes the creation of fulfilling and pleasing spaces, as 
well as energy efficient and environmentally sound ones, some leeway would have to be given where the 
requirements of optimisation led to these aesthetic constraints. This may mean for example making up those 
performance shortcomings in other aspects of the building, and its services, again this process would be 
easily demonstrated using the energy toolkit and the necessary information made available for auditing.
The UK Government’s Standard Assessment Procedure (SAP) rating used for assessing the energy 
efficiency of homes is an example of a different approach to targeting and monitoring building energy 
performance. The purpose of this assessment regime is to represent the likely running costs and carbon 
performance of the building in use. Although the SAP rating has much to commend it, it is again a 
retrospective assessment, which is undertaken after many design decisions have been made. Considering 
the fact that it was the house building lobby that was instrumental in the demise of the far more radical 
building standards 2001 (considered in chapter 1), suggests that this sector is also failing to optimise basic 
characteristics of the building fabric.
The BREEAM assessment methodology recognises the importance of low energy solutions in that to obtain 
the maximum number of points for energy efficiency, the building must have zero CO2 emissions. Whilst this 
position is commendable, it does not offer explicit guidance as to what value is reasonable, economic 
viability dictates that at the moment “zero energy” standards are perhaps less than achievable on a wide 
scale basis. This absolute zero score for maximum BREEAM points means that the steps taken for example 
to reduce energy consumption by 60% against current standards does not lead to the award of a significant 
number of points. There are usually far more easy points to be gained elsewhere, unless a very high score is 
demanded.
The Building regulations ensure minimum standards of energy efficiency by ensuring that all individual 
building components meet minimum efficiency standards. While this approach is easiiy criticised it is 
important to note that only in Europe, and a few other dispersed nations are such measures mandatory. The 
Building Regulations ensure that we do not have any real “horror stories” in terms of energy efficiency, as the 
performance of each of the building components will have at least met these minimum standards. In PFI-type 
projects notwithstanding the problems described in chapter 5 is a procurement route where energy efficiency 
should form part of the long-term building solution. But what of other procurement routes? There clearly 
exists significant scope for modifying design practice in more traditional contracts, but that means that the 
ownership of the information and tools must pass to the developers, the architects and the clients since 
contractors often have little involvement in the design development process, unless the contract is to design 
and build. Maybe seeking to influence more traditional routes of procurement is not the issue, but rather to 
set new procurement frameworks, which allow these important factors to be integrated more effectively. 
Commentators such as Bordass et al. (2002) suggests that this move towards “customer is king” approaches 
for the construction industry may lead, not to fundamentally efficient solutions as eluded to above, but rather 
to complex buildings needing high levels of support which the occupier must be able to pay for. Such
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companies it is suggested can delegate these tasks to companies for whom such activities represent their 
core business, but it is suggested that these buildings will rely upon high leveis of building management 
throughout their life. Further perspectives on this can be found later in this chapter when examining the case 
for post occupancy evaluation studies.
The Government’s PFI programme has come under fierce criticism from a number of angles, from within 
government, the unions to the general public. Fundamentally this route of procurement should offer 
significant benefits over more traditional procurement methods, and in some areas lays claim to doing so. 
However given the constraints identified in this thesis, this mode of procurement is severely under 
performing in comparison to what might be achieved with regards to energy efficiency. Instead of setting the 
“real-worid” example to the industry, the Government are largeiy perpetuating the barriers which in other 
arenas, such as Egan reform agenda, they implicitiy seek to eliminate. The steps required to radically shift 
this situation depend largely on those processes dictating the early formative stages of a project’s life cycie. 
Removing the obstacles to creative responses, described in chapter 5 and 6 would clearly deliver benefits in 
many spheres, environmental, economic and social.
7.2 The EU Response to Building Energy Efficiency
According to recent statistics, EU carbon dioxide emissions rose in 2001 by three-quarters of one percent 
(Ends Report, September 2002), this figure is set against a longer term rise over the past 3 years, and the 
figure once more peaks in excess of 1990 levels, at which the EU pledged to stabilise emissions by 2000. A 
rise in emissions was experienced in 10 of 15 of the EU’s member states, including the UK and Germany. 
The fact that carbon dioxide emissions are in many cases are beginning to diverge from away from the 
European Kyoto reduction commitments means that across Europe, as weil as in the UK, efforts will need to 
be redoubled to reverse this concerning trend. The importance of buildings within that debate has not been 
lost in the European Parliament. Although measures such as Building Regulation can have a significant 
beneficial effect upon energy efficiency they can still be met without genuinely making steps to optimise the 
performance of the buildings. As a response to this, the draft text of a recently published EU directive 
expected to come into force later this year, follows the call for more stringent energy targets above, and 
requires the member nations to develop:
•  A general framework.for a methodology of calculation of the energy performance of buildings
•  The application of minimum energy performance requirements for new buildings and for existing 
buiidings over lOOOm ,^ during a major refurbishment.
•  Energy certificates for buiidings to be presented at point of buiiding sale or handover
• A system of regular inspection for boilers and air conditioning systems.
(Vidal-Quadras Roca, 2002)
This draft directive wiil certainly pose some interesting chailenges and developments in the field, but it is 
concerning at what ievel these energy performance standards may be set given the widespread lack of 
understanding prevalent within the construction industry as to what constitutes good energy performance.
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Although relatively weak energy standards should still expose the worst buildings, they would do little to drive 
the necessary process and delivery innovation required to meet the step change in energy efficiency. This is 
potentially where the building energy certificates could come in, if played in the correct manner such 
certificates could fuel a market-led driver for more energy efficient properties.
The concept of building certification, estimated to come into force in approximately 5 years, depending on 
the profile it achieves within the UK could potentially provide a valuable means of marketing green property. 
Using such a scheme, the benefits can be ascertained with respect to financial and tangible environmental 
indicators rather than simply in terms of BREEAM points, which is currentiy the only widely recognised 
means of demonstrating environmental performance to the marketplace. If building tenants were made 
expiicitly aware of how the building they were considering renting or purchasing performs against the best in 
that sector, it would undoubtedly have some effect on the way those buildings were designed and presented 
to the market. In light of the considerable operating cost savings that can be made in such buildings, such 
properties would begin to show themselves in a much more favourable light against lesser buildings. 
Furthermore the fact that the buildings will carry independently audited figures calculated using a common 
methodology should go some way to building the necessary confidence in the performance indices.
7.3 Capturing Life Cycle Costs and LCC Methodology
The use and demand for life cycle costing to be undertaken in the planning and development of new 
buildings and refurbishment is crucial to the wider acceptance of energy efficient approaches. Any problems 
with the acceptance of LCC as a fundamental concept will undoubtedly have significant consequences for 
energy efficiency This is because, as has been demonstrated in this thesis, life-cycle financial benefits are 
one of the strongest real-world benefits of such approaches, and these need to be captured eariy on in a 
building design to ensure that ideas turn into initiatives, and furthermore are reflected in the as-built design. 
Environmental benefits while also powerful deliverables of an energy efficiency strategy are by no means as 
congruent with the current demands of business as financial parameters. The fact that these two 
deliverables are so compatible within building design and procurement should act as a significant driver to 
find a way of utilising LCC more effectively in design decision making.
The Government have recognised the potential of LCC within building design, in the 2000 report entitles 
“Better Public Building” (produced by the Department of Culture, Media and Sport) it is clearly stated that:
“Integrating design and construction delivers better value for money as well as better buildings, 
particularly when attention is paid to the full costs of a building over its whole lifetime” (ibid, p3)
Notwithstanding these broad statements of recognition there exists some challenges associated with using 
the concept as a means to guide design. The Construction Industry Research and Innovation Strategy Panel 
(CRISP), funded by the DTI along with the Technology Foresight Panel have identified particular problems 
associated with the use of life cycle costing. These include:
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• The scale of the data collection exercise, inconsistencies across data sets and the level of detail 
required to make meaningful calculation of whole life costs at design level (whether considering new 
build or refurbishment).
• The lack of universal methods and standard formats for calculating whole life costs, the difficulty in 
integration of operating and maintenance strategies at the design phase (and their impact on the 
business process expected to be housed within the building).
• A general lack of perception of client and industry pull/interest, in spite of the drivers identified above
• A need to persuade the industry that whole life costing is a good thing.
• The requirement for an independently maintained database on performance and costs that will 
continue to expand.
CRISP, 1999 (Reported in Clift and Bourke, 1999, p8)
BRE’s study into state of the art application of LCC in the construction industry (introduced in chapter 2) 
concluded that the main reason it is not being used more widely is the fact that it is not asked for by clients. 
This demonstrates a poor appreciation as to the benefits to be accrued if the correct life cycle decisions were 
made. In the market survey upon which this study is based, what is surprising is the high percentage of 
projects in which no party had either provided or requested any justification or analysis of the design using 
life cycle techniques.
During the trial application of the energy toolkit it was found that when life cycle cost information was offered 
in small (functional) units such as those surrounding key energy efficiency decisions, the information was 
more readiiy taken on board and understood both by internal team members and clients themselves. Could a 
more streamlined approach to LCC be the means to introduce the process to the wider marketpiace? This 
research has demonstrated that even small deviations from typical practice in terms of energy efficiency 
require financial as well as environmental justification both internally within the design community as well as 
with clients. To both these parties clarify and timeliness of the information is paramount and in such 
instances full LCC studies would not be appropriate. Full LCC studies driven by energy efficiency are only 
really required where design and construction practices deviate substantially from standard practice such 
that comparison of functional units would not be possible.
The Building Research Estabiishment have made numerous attempts to move forward the concept of LCC, 
most recently in the estabiishment of the Whole Life Cost Forum (WLCF). This forum started promisingly with 
a pledge to share information and approaches between parties. Generating a common data-set is seen as a 
major hurdle to establishing LCC in clients’ consciousness. The pledges to share information however have 
not been forthcoming and the BRE are now embarking on another project to put the vast data capabilities of 
the BRE to use on generating a marketable database of LCC information. This research has however 
demonstrated that although very important, data availabiiity at present should not prevent life cycle financial 
decisions being made. Better independent data availabiiity and quaiity will clearly help generate the 
necessary confidence in LCC, but given the current position, simply having “more data” will not on its own 
solve the issue.
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7.5 Feedback to the Design Stage: Generating a Rationale for Post Occupancy Analysis
It has been discussed above that the development and acceptance of life-cycle approaches to costing will 
have a significant effect on the perception of energy efficiency measures for buildings. Another avenue of 
research, which should contribute significantly to this debate in the future, is that of post occupancy analysis 
or evaluation (POE). In the broadest sense this means revisiting a building following construction or 
refurbishment and gathering feedback on how the building is performing, and how the occupants are 
responding to the building. Although this would appear to be a particularly fruitful exercise for both building 
owners and the designers/contractors, in solving user concerns, optimising building use and for feedback to 
ensure that the next buiiding and brief learns from these experiences, both good and bad, it is undertaken 
only infrequently.
Previously, in discussing the performance and take-up of life cycle costing it becomes evident that the real 
benefits of LCC in terms of building performance in use are infrequently reported, and this is also the case 
for other aspects of a building’s performance, for example energy performance and occupant satisfaction 
performance. Much of this thesis has dealt with the issue of simulating how a building wili perform in 
operation, and then using this information as a means to inform the decision making process during the 
development of a building design. An equally important aspect of this area of work is the feedback about how 
the building actually performs in operation compared to what is simulated during the design process. Such 
studies are usually termed post-occupancy feedback investigations: These are not typically undertaken in 
the majority of building work. These studies are essential components of promoting the cause of both LCC 
and energy efficiency, since actual in use information can be used to demonstrate indisputable benefits of a 
particular approach.
In summary post occupancy studies would represent a useful boost to the energy efficiency debate by:
♦ Generating confidence that simuiation tools (both energy and costing) are an accurate means of
determining the approximate performance of a building during design
♦ Providing feedback to improve the forecasting of performance
♦ Ascertaining actual operating costs for a buiiding, and reiiability/functionality of passive based design
♦ Capturing the occupant satisfaction impacts, and other aspects of user behaviour
Post occupancy review is not a recent idea, Cooper (2001) iinks the origins of POE to RIBA (Royal Institute 
of British Architects documentation from the 1960s. The RIBA handbook for instance included for example, a 
recommendation that architects with their clients should inspect completed buildings two or three years after 
completion as a cost effective means of improving the service to future clients.
In the 40 years since this idea was first formally noted by the RIBA, POE studies are yet to become 
commonplace. Resurgence in interest has been noted following the call from Sir John Egan that the 
construction sector needs to become more customer focussed as a means to improve efficiency, quality and 
satisfaction. (Egan, 1998)
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The requirement for post-occupancy evaluation of buildings may seem rather obvious given the significant 
resources invested in buildings every year, but these studies are still undertaken very infrequently. One of 
the more recent studies was the PROBE study, which in 1995 was one of the first systematic attempts to 
evaluate the operative performance of buildings. However during PROBE only 16 buildings were analysed, 
and although this study set the precedent for what was to follow, the real challenge will be to find a common 
language and practical framework for assessing the in-use performance of buildings. Furthermore studies of 
this nature provide a “snapshot” evaluation of the building, some commentators have mentioned the need for 
a more longitudinal assessment of a building's performance, although this obviously demands further 
resources in both gathering and analysing the information. (Whyte and Gann, 2001)
Cost being a typical driver for built environment studies it is interesting to note that the barriers to the wider 
impiementation of POE are not simply down to the cost of undertaking an assessment, but rather the nature 
of the industry as Bordass, Leaman and Cohen, (2002) highlight:
Fragmentation in Suppiy: Low leveis of personnel continuity in design and construction teams. No 
single player can afford to undertake it.
Fragmentation in demand: As has already been discussed the procuring client is often not the 
occupier, and the owner not the user. If the building is being procured by an owner-occupier, that 
owner is unlikely to procure sufficient number of buildings to have the luxury of learning from past 
mistakes.
industry Standards: To improve fundability and tradeability client requirements are increasingly 
dominated by mainstream market criteria. “Outsourcing of buildings and their management also 
seems more likely to reinforce conventional standards than to promote innovation” (ibid, p66) This 
view does not seem to accord well with that of PFI where clients outsource for a long period of time, 
and where the potential for POE would appear to be significant.
Uncertain Benefits: “Property values are currently driven by location, appearance, features, not 
delivered performance in use. Value to the developer often means finding a good tenant or selling on 
at a good price. What adds value for users is not valued in the marketplace” (ibid, p66). This may be 
a reasonable assessment of the current situation, but is rather a vicious circle where lack of 
meaningful information means that it is no surprise that there is little demand.
Threat: There is always a risk that the outcome of such a study wiil not be to the benefit of one or 
more parties, would it be better simply not to know? What will a poor result do to the reputation of the 
client and the other involved parties and will such results actually reduce the value of the building, 
make it difficult to sell on.
Engagement with Building design: Cooper (2001) discussed the failure of RIBA to integrate post 
occupancy feedback into architecturai procedures. Furthermore as has been discussed in this thesis
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the competitive nature of the majority of the bid phases means that clients and hence users are not 
fuily engaged with the design decision making process, and although user groups may be consulted 
during this stage, they are frequently not present when key design decisions are made.
Lack of interest: Although the POE experts may fully understand the need for, and benefits of this
approach “the performance of a building is not of great interest to many occupiers they do not
regard it as a key business driver, in spite of its clear relationship with efficiency and 
productivity....for most it is at best a passing interest” (Bodass, Leaman and Cohen, p66). This may 
come as a surprise, since for all the obsession with the capital cost of building, the really significant 
costs, those surrounding staff, are shown only peripheral importance.
Cross disciplinary Issues: Concerns the fact that, well reported in this thesis that actors in the 
design, construction, and facilities management arenas rarely get together and act co-operatively. 
Action based on POE feedback demands cross-profession liaison.
PFI projects in which the contracting consortium will be responsible for almost all aspects of the operative 
performance of the building, from changing light bulbs to dealing with user concerns and complaints presents 
a significant opportunity to begin to gather in-use data which can be used to support future design decisions. 
Bordass et. al (ibid) suggest that PFI leads to a specific type of building, something they have named Type -  
A' in the framework below. They suggest that this type of building already has inherent characteristics which 
shape occupant performance.
Technological Complexity
More
More
Type A:
Effective, but 
often costly
Less
Type D:
Can be 
thoughtful and 
imaginative 
but rarely user 
friendly
Building
Management
Input
Less
Type 0:
Risky, with 
performance 
penalties
Type B:
Effective, but 
often small 
scale
Figure 7.1: Building types described as a function of technological complexity and building management 
support. (Adapted from Bordass, Leaman and Cohen, 2002)
They suggest, with reference to the thinking in the diagram above, that the public sector currently find 
themselves in buildings which it finds difficult to maintain and manage properly, hence Type-C’ buildings:
180
“Initiative fatigue and a crisis in procurement and management has led it to hope for someone else to 
resolve its problems by some kind of magic, using mechanisms such as PFI. However, this appears 
to produce type-A solutions -  putting public facilities into what amounts to hotels....The theory is that 
this will help avoid the neglect which has occurred in the past; but in practice will the hotel bills be 
sustainably affordable by the taxpayer? Or are problems being exported to the next generation in the 
form of more type-C buildings?” (ibid, p71)
This is an important observation, but why should this be the case? Surely PFI should offer better value to the 
taxpayer since long term solutions can be offered to public services who were otherwise only able to account 
for activities on very short time horizons? The problem is partly due to the contractual and technical problems 
which were encountered during the application of the Energy Toolkit. Firstly the brief itself, although very 
flexible in the way it is communicated (ie: as a series of raw output specifications), some of the requirements, 
for example surrounding internal design temperatures, and subsequent penalties for not achieving these 
operational requirements naturally lead the PFI consortia to risk averse, over-specified guaranteed solutions, 
which are usually mechanical. Secondly, the consortia themselves are not necessarily yet fully adept at 
utilising these long term output specifications to the advantage of the public sector. This is partly due to the 
fact that the significant change of approach leads to inertia from past practices and procurement routes, and 
the fact that the design teams do not yet have a set of tools and approaches to help them explore these 
alternatives.
Notwithstanding these observations the significant number of PFI projects either now in operation, or during 
construction and bid phases, and the relatively small number of contractors with the financial weight with 
which to pursue these contracts means that the opportunities for improvement through POE are 
considerable. The framework and feedback mechanisms are not yet developed, and again these crucial 
insights into actual building performance are not generally finding their ways back into the design process. 
The only possible exception to this is when a project receives negative press during its operation. POE data 
for PFI, when it is captured (depending upon who commissions it) may be considered to be commercially 
confidential, and could only be of use for internal exercises.
7.6 Energy Toolkit and the Theoretical Interpretations of Efficiency Barriers
The foundations of barriers to energy efficiency have often been interpreted through theoretical instruments. 
These studies can give a broader perspective on those barriers observed within the construction industry. 
Sorrell et. al. 2000, in a cross-sector EU funded study entitled BARRIERS, aimed to investigate the broadest 
barriers to energy efficiency investment, and then discover how far these theoretical interpretations are 
reflected in real world situations. The study suggests that the barriers to energy efficiency investment, 
present in the construction sector are also prevalent in other sectors, and Sorrel highlights the fact that 
seemingly cost effective energy efficient technologies and initiatives are being overlooked in all sectors 
studied including, higher education, brewing and mechanical engineering. Furthermore these barriers were 
reported to have been observed not only in the UK, but also in Ireland and Germany.
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Sociological debate has placed much emphasis on construction clients and companies acting with “bounded 
rationality” when considering energy efficient investments or decisions. Given some of the experiences 
encountered during the application of the energy toolkit, “irrational” might be said to be a fairer reflection. 
This debate purports that the actions of construction and other clients are shaped by so many factors that 
simply by having energy efficiency information available does not necessarily mean that they will act 
rationally on receipt of that information. Essentially it is postulated that clients have to make decisions based 
on a number of factors, only one of which might be energy efficiency, add to this the constraints of time, 
experience, attention span, and the ability to process the information adds boundaries to typical rational 
choices, a condition known as “bounded rationality”.
This school of thought has been reported exhaustively by Shove (1998) and Lutzenheiser (1993) amongst 
others. These modes of thought also attack the top down nature in the creation and dissemination of energy 
efficiency knowledge. These issues were touched upon in Chapter 1, but will be considered further in the 
light of the results obtained from this study. Considering the scope of the Energy Toolkit, as an information 
system, it could be considered to fall within this “rational action” model.
The assertions of Shove’s research would cast doubt on the value of tools such as the Energy Toolkit since 
the main aim of the toolkit is to provide a more complete and timely package of information to guide both 
client and contractor’s thinking. The assertion of the Energy Toolkit is that if the information is made available 
that the decision makers will make rational decisions based upon this information, and Shove asserts that 
this is not necessarily the case. This assertion is contrasted by that of Sorrell (2001), who suggests that the 
structure and availability of information are two of the most significant obstacles in achieving energy 
efficiency. Using a number of case studies he suggests that the unfamiliarity of highly efficient approaches 
and new technology, in the presence of severe time and cost constraints means that the timely and 
appropriate information is crucial. Furthermore, the absence of such information is one of the key drivers 
behind designers reverting to familiar “tried and tested” designs. Sorrel goes further and detects a further 
information related issue, and that concerns the level of information owned by different actors. For example 
the level of energy efficiency information known to the building services engineer is different to that known by 
the architect, which is in turn different to that known by the client;
“One party may have the relevant information on the costs and benefits of an energy efficiency 
investment, but it may be difficult to convey this to the other party. If there were no information 
problems, the two parties would be able to enter into contracts to share the costs and benefits of the 
investment. In practice however, the gains that would be achievable would be swamped by the 
transaction costs involved...Against this, exhortations to consider whole life costs are relatively 
weak” (Sorrel, 2001, p23)
Sorrel also recognises the issue of “bounded rationality”, but recognises that this is intrinsically linked to 
other efficiency barriers. The use of “rules of thumb” in equipment sizing is quoted as an example of this 
phenomenon, and it is considered that the time constraints posed by construction projects inevitably reduces 
the capacity to make carefully considered and inherently rational decisions. This thesis has suggested that 
this happens both within client and construction/design teams.
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“Since bounded rationality is unavoidable, the relevant policy question is how to create scope for 
actors to make more efficient choices” (Sorrell, 2001 ,p24)
So, whether Shove’s work has any relevance above the consideration of barriers to energy efficiency, which 
have been discussed in earlier chapters is less clear. Shove claims that in this conventional package of 
beliefs, non-technical barriers to energy efficiency are considered in a technical manner, for example:
“The fact that there are some eight million homes in Britain with uninsulated cavity walls is, for 
instance used as a powerful argument for more technical investigation” (Shove, 1998, pi 110)
Shove attacks the top down nature through which energy efficiency information is disseminated, essentially 
attempting to transfer technologies onto design teams and then onward to clients. Since the Energy Toolkit 
generates information from within the design community for dissemination on a bottom-up basis, this 
observation is invalidated in this instance. The Energy Toolkit seeks to take a back to basics approach to 
energy efficiency, not a technical approach, and the users of the tool are all trained explicitly in the types of 
social barriers to be faced in implementing a tool of this nature, and the limitations faced in overcoming them.
The Energy Toolkit challenges the rational action model put forward by Shove since:
■ The information is generated and shared within the design team eliminating the top down nature of 
energy technology implementation
■ The information is project specific, as are the projected costs, benefits and environmental burdens
■ The information is generated by the team, and owned collectively
■ The information is presented in a format, which is readily understood and disseminated by non-specialist 
actors both internally and externally.
■ As part of the process, the client is encouraged to increase their involvement and communication with 
the design development process developing a greater understanding of their needs and requirements, 
and enhancing their expectations. This however can prove difficult in current competitive tendering 
situations
■ Design teams and clients are commonly not in receipt of appropriate information concerning energy 
efficient design options. Often there is little or no information upon which to make a decision.
The approach is based upon delivering information to the client, but goes beyond this and offers a new 
channel of communication. The view of a client as an irrational actor is not especially helpful in dealing with 
the energy paradox since it serves to diminish the impetus for actors in the building delivery chain to seek an 
influence. The irrational action model also assumes that the client is in possession of the most appropriate 
information, which is frequently not the case.
The views of Shove are at odds with those of Herring (1998), discussed in more detail later, who states that:
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“Consumers may not make optimal investment choices due to ignorance or miscalculation, or due to 
regulatory of institutional obstacles. Here the Government, in its role as promoter of economic 
efficiency, has a role to provide information and to remove market barriers, so consumers can best 
allocate their resources. They can also legitimately foster technical progress, in the absence of 
private sector funding, by running national research Institutes or funding University research” 
(Herring, 1998, p14)
Hasset and Metcalf (1993) suggest that the construction clients do not act irrationally on energy efficient 
investments, but rather that clients are under-informed on the performance of such approaches and the 
many uncertainties which may affect the performance of the system, particularly future energy prices. Hence 
the clients are engaging in “rational cost minimising behaviour” (ibid, p715) This argument makes sense 
when considering some of the emerging technologies such as renewable, but has less bearing on more 
fundamental approaches to good basic design such as seeking appropriate glazing and insulation strategies. 
Such approaches can deliver payback periods within months over typical minimum standards approaches. 
This assumption of long payback periods pervades much of the debate on the implementation of energy 
efficient technologies and approaches. During the testing of the energy toolkit however, it has been 
demonstrated that well informed small changes to building design can reap major benefits, and that clients 
and internal construction actors react positively to such information. This demonstrates how the rational 
action model put forward by Shove and others does not take into account the intermediary steps required in 
achieving the required “step change” in energy efficiency.
While one perspective on the thesis may be that the Energy Toolkit simply provides the information and 
assumes that the decision makers will act rationally upon that information, if the full range of theoretical 
interpretations of energy efficiency barriers are studied it can be seen that the Energy Toolkit provides 
assistance to overcome more barriers than simply “imperfect information”. Sorrell et.al (2000) provides a full 
taxonomy of theoretical principles behind energy efficiency barriers which has been recreated below to 
reflect those situations which have been faced in the development of this thesis, and where the Energy 
Toolkit has been used to address them.
Perspecti>m Sub-
Dhfbion
Economic Non-Market
Focused
Barrier
Heterogeneity
Access to 
Capital
Claim
A particular technology may be efficient in one 
application, but not in another.
FaByre 10 ufK^'^and the tBckten costs such as 
dfearuf^kxi, inconveWwœ training aarxJ 
rei^acemeht artd t ie  costs assoc^ed <Mfth
Insufficient capital either through internal funds 
or borrowing. In the public sector this may be 
inhibited by public sector rules. In the private 
sector an organisation may be reluctant to 
borrow due to the concerns atXDut risk of 
increased gearing. Where internal funds are 
available, other priorities may take 
precedence.
Energiy Toolkit Persfiectlve
All information generated is 
done so on a project specific 
basis, even from the earliest 
phases of project inception such 
that the information is made 
powerful and meaningful from 
the outset.
life  cycle costs based on a  » *  
functional untt mean® that it Is 
easy to see what additional and 
avoided (x%ts made and hence 
the underlying assumptions 
Significant capital is not always 
necessary to deliver substantial 
benefits. Where capital costs are 
the constraining factor the 
Energy Tookit can only seek to 
provide the information to make 
a strong case for resource 
allocation/borrowing, or to lobby 
for amendments to the rules on 
public sector funding.
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May
Market
Failure
Imperfect
Information
spm
Inocmtives
Adverse
Selection
Behavioural Bounded
Rationality
Bounded
Rationality
The Human 
DBnen^dfi
Form of 
Information
Credibility and 
Trust
Values
Organisation 
Theory '
dem anr^^xxrt tm e  horizons.
Lack of information may lead to energy 
efficiency opportunities being missed.
Energy efficiency benefits are l i k ^  to be 
ov^lcoked If the party required to Invest 
cannot appropriate the benefits of that 
investmwrt.
Suppliers of energy efficient equipment may 
know more atx)ut the energy performance of a 
good than purchasers. Purchasers access to 
appropriate information is limited and in the 
absence of such information other tangible 
parameters such as price will t>e used as the 
basis for selection.
Occurs where the interests of one party 
(prtncipad) depend on the actions of another
mat 
me
same knowledge as me agert.
Actors do not make optimising decisions in the 
manner assumed in standard economic 
models. Constraints on time, attention and 
ability to process information leads to reliance 
on imprecise routines and rules of thumb. Just 
having the appropriate information available is 
not a guarantee that the most rational decision 
will be made.
ùostdfacqW rËQ lnlormafk>R fs u r^ o n e  
aspect Form of Informatlon W crfilcal. To be 
effecWe W brm atW  must be sqaedfic, 
personalisW, vivid, simpBe and a\^wlgd)le In < 
dose time to the rWevaof dedsAon.
Trust placed in the source is crucial. This is 
especially encouraged through interpersonal 
contacts. If these factors are absent from the 
information, inefficient choices will be made by 
default.
^ e n ts  re s ^  change because they are 
committed to what they are doing and
Informatkm 
to certdn outcomes ttian 
a
; and have 
T h k  leads
ET ctoes rx:  ^offer a  spedfic 
response to tNs barrla’, other 
. than to note t W  the most basic
Energy efficiency has clear environmental 
benefits. Those motivated by environmental 
values may give greater priority to such 
investments than those who are not. Hence 
environmental values of key players and top 
management is often pivotal
Energy managanent may have a reJa^vely low 
status wthin the organfeattm. Lacking pom r, 
funds and m anagem W  support means that 
ttie scone for e ffe c ts  action mav be
awe ofWri at very low risk.
Energy Toolkit aims to provide 
relevant information to key 
decision makers during periods 
where there is traditionally a 
dearth of information.
Carilllon have been one d th e  
leadfeg contractors in ca#ng fiy  
PFI ru l^  to be dvanged to 
Imxxporafe enwgy cod  such 
that this Incenttve spRt is 
eflminated. Most new PFI 
contracts from 2002 now retted 
tWs.
One of the main aims of the ET 
is to ensure successful data 
transfer to clients. Suggestions 
have been made to hand ET 
over to clients such that they can 
set more challenging output 
specifications.
ET dfefts no stAstanttd
has proved to be d)£tfenging 
irtternaiy as w ^  as extdnally, 
and ttxae  barriers m ud be 
overcome before the Wormatton
Energy Toolkit can only assist in 
this instance by providing 
accurate, specific, simple and 
timely information to overcome 
some of these constraints.
Much effort has been invested kn
outputs fiom the models are 
both meanir^fui and usettrl lo
ET data will eventually lead to a 
contractually binding energy 
target. This would usually t»e 
underwritten by an external 
consultant, meaning that the risk 
in these figures (for PFI) is 
maintained with the contractor. 
TNs fe ari c n g o ^  «^ue. Mariy 
»jch fesues have beewi 
erxxxmtered and (xWy ^ )m e
TNs issue has dways arisen 
witti external mechanlcW and 
eiecfrical coreultartts. v . 
Environmental parameters are 
the driving principles behind the 
ET, however financial variables 
have proved to be especially 
powerful in marketing these 
approaches, and are intrinsically 
linked. If the design solution can 
present a win-win scenario on 
both of these parameters a 
greater captive audience can be 
created.
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Culture Organisations may encourage energy
efficiency Investment by developing a culture 
that emphasises environmental improvement.
This is usually more successful when 
championed by a key individual in top 
management, and such organisational culture 
is a key variable in explaining organisational 
performance on energy efficiency.
Figure 7.2: Taxonomy of Energy Efficiency Barriers and the responses generated by the Energy Toolkiit. 
Adapted from Sorrell et. al. (2000)
What the above table emphasises is that the Energy Toolkit, while fundamentally being an information 
system, can help address many other barriers than just those related to availability, credibility and form of 
information. These barriers are inextricably linked, and addressing one or even a small collection of them is 
not usually sufficient to ensure action in terms of energy efficiency.
Sorrell 2000 considers that the following actions are required to begin to break down the observed barriers to 
energy efficiency across all sectors.
• Overcome information market faiiure: provide accurate, trustworthy and easily assimilated 
information on energy efficiency to redress the disparity with information on energy supply
• Economise on bounded rationality: allow actors to make efficient choices without requiring 
extensive effort in gathering and analysing information
• Align incentives: ensure, as far as possible that the incentives of different groups are 
complimentary and act in the direction of improved efficiency; and
• Safeguard against opportunism: ensure, as far as possible that asymmetric information does not 
encourage decisions or actions that undermine efficiency
It is interesting to note that the Energy toolkit provides assistance in overcoming some of these barriers, 
particularly those relating to access to appropriate information. No tool such as this can aim to overcome all 
of these barriers, but most of these were encountered in live situations during the trial and testing of the 
energy toolkit.
7.7 How does the energy efficiency agenda respond to anti-environmentalist sentiment?
The figures presented in chapter 1 suggest that the built environment with its energy efficiency and other 
environmental credentials plays a major role in the impact of humanity on the environment. Environmental 
sceptics such as Bjorn Lomborg have suggested that the global environmental condition, the principal driver 
behind the industry reform posed in this thesis, is much exaggerated.
Lomborg’s thesis consists of a number of challenges to typical environmental debate. For example he 
suggests that the climate change lobby represents a “false perception of risk”:
“Carbon-dioxide emissions are causing the planet to warm. The best estimates are that the 
temperature will rise by some 2-3 °C in this century, causing considerable problems amongst
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exclusively in the developing world, at a total cost of $5, 000 billion. Getting rid of global warming 
would thus seem to be a good idea. The question is whether the cure will actually be more costly
than the ailment Despite the intuition that something drastic needs to be done about such a costly
problem, economic analyses clearly show that it will be far more expensive to cut carbon dioxide 
emissions radically than to pay the costs of adaptation to the increased temperatures” (Lomborg,
2001, p6)
During the development of the Energy Toolkit the most frequent source of debate and scepticism 
surrounding the environmental benefits of the approach was that individual buildings represent a “drop in the 
ocean” against the global problem, a problem which may or may not be fully understood. Anti­
environmentalist sentiments such as those of Lomborg, and the comments encountered from some 
construction professionals, might initially appear to undermine of the need for reform within the construction 
industry with regards to its environmental credentials. While the author would not wish to agree with the 
sentiments of Lomborg, it is important to note that the findings of this thesis and of the energy efficiency field 
remain valid regardless of the environmental agenda. Environmental benefits are only one of the many 
benefits to be derived from making buildings more energy efficient, the cost and occupant health/satisfaction 
issues are equally, if not more important:
“The theme of superior worker satisfaction and performance runs like a golden thread through the 
fabric of green development” (Hawken et. al. 1999, p88)
Furthermore the fear surrounding the impacts of environmental degradation, although at the moment are 
having little impact on the way buildings are designed and constructed, will be a far stronger lever to change 
and to develop innovative, creative solutions than the alternative “business as usual” agenda, which simply 
serves to perpetuate current building formulas.
7.8 Does Energy Efficiency actually Save Energy? The Khazzom-Brookes Postulate
An interesting debate has been considered which looks at the effects of energy efficiency programmes on 
energy consumption on the energy consumed on both a national and international scale. The debate, 
centred around the Khazzoom-Brookes postulate, first put forward by the US economist Harry Saunders in 
1992, suggests that energy efficiency improvements that, “on the broadest considerations are economically 
justified at the microlevel lead to higher levels of energy consumption at the macrolevel than the absence of 
such improvements” (Herring, 1998, p2).
Considering the importance in this research of micro-scale contributions to energy efficiency in reducing the 
very significant greenhouse gas emissions with arise as a result of the construction industry and its products 
on a national scale, this debate makes important conjectures.
The basis for this debate came much earlier through the work of Stanley Jeavons in his works entitled The 
Coal Question of 1865. Cited in Brookes (2000), and Herring (1998), Jeavons states that
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“it is a confusion of ideas to suppose that the economical use of fuel is equivalent to diminished 
consumption”
The very contrary is the truth, he points out that the:
“reduction of the consumption of coal per ton of iron, to less than one third of its former amount, was 
followed in Scotland by a ten fold increase in total consumption, between the years 1830 and 1863, 
not to speak of the indirect effect of cheap iron in accelerating other coal consuming branches of 
industry”.
The debate argues against the conservationist approach in which small improvements in energy efficiency 
are aggregated to produce a macroeconomic total. Essentially the debate adopts a macroeconomic top 
down view approach rather than the microeconomic bottom up approach used by conservationists. The 
whole debate surrounds the allocation of economic resources. It is suggested that macroeconomic 
responses in the form of taxes or producer induced shortages, initially reduces demand, and in the longer 
term promotes greater energy efficiency. “The efficiency response amounts to a partial accommodation of 
the price rise and thus the reduction in demand is blunted. The end result is a new balance between supply
and demand at a higher level of supply and consumption than if there had been no efficiency response It
thus argues than overzealous pursuit of energy efficiency per se would damage the economy through the 
misallocation of resources” (ibid, p3) In more simple terms this means that if society saves economic 
resources through energy conservation, then those savings will be used to fuel further consumption and 
hence further indirect energy consumption. The only way that this “rebound” can be avoided is suggested by 
Wackernagel and Rees (1997) to be only where the efficiency gains are taxed away or otherwise removed 
from economic circulation.
The Khazzoom-Brookes postulate is not an attack on energy efficiency, or those institutions struggling to 
achieve and implement it, but the realisation that if such programmes trigger a reduction in economic 
productivity, then these conditions become more conducive to energy inefficiency. Brookes (2000, p365) 
suggests that:
“The least damaging course is to identify targets, enact necessary measures (to outlaw, tax or ration 
offending fuels) and leave it to consumers- intermediate and final -  to optimise the allocation of all 
resources available to them -  not simply energy resources -  to best effect in the light of all the 
constraints facing them including the new enacted ones”
The effect of both domestic and commercial energy deregulation in the UK has had the effect of reducing 
real energy prices. It is considered that the government’s attempts to reduce consumption, and promote 
energy efficiency in a climate of falling or low energy prices may be ineffective or even result in increased 
consumption. It is interesting to note that Brookes, taking a UK perspective made these comments before 
the impending fuel crisis of autumn 2000, that consumer backlash to these macroeconomic measures can 
not be taken for granted.
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This debate concerns only the national scale energy consumption, and efficiency gains on the microscope as 
discussed in this research are not directly related to this debate. However a wider aim of the Energy Toolkit it 
to influence a much wider audience, present at the macroscale, so this debate clearly needs addressing.
This debate suggests that the link between micro scale energy efficiency investment and the national scale 
should be made with caution, and that a Government response may be necessary to ensure that the 
economic resource balance discussed above is maintained. In the short term it is unlikely that this will be met 
through inflexible energy taxation or other politically sensitive means. The Government's recently developed 
national emissions trading scheme (DETR, 2001) may prove to be the most acceptable means of achieving 
these aims.
Despite these theoretical concerns on the structuring of energy efficiency policy, it is widely accepted that 
high levels of energy efficiency are an essential part of a dynamic, productive economy. “Encouraging 
efficiency in all factors of production, will result in a higher ‘quality of life’ and enable us to fund the transition 
to ‘sustainable development’.... ” (Herring, 1998, p i4)
It is also important to note that there is a wider benefit to be derived from energy efficient approaches to the 
built environment over and above the environmental and economic benefits. These benefits concern the 
wellbeing, productivity and satisfaction of a building’s day to day users. Since the actual costs of running 
business are dominated not by capital building costs, or energy costs but staff salaries and related employee 
costs (Kirk and Dell’isola, 1995). The contentment and retention of valuable staff has been linked to the 
working surroundings, hence the link between this aspect and passive, naturally lit, naturally ventilated 
workspaces. There is evidence to suggests that employers are considering the office environment and 
functionality as a means of retaining valuable staff (Raymond and Cunliffe, 1999)
Furthermore energy efficient approaches to design have a part to play in alleviating fuel poverty. Decades of 
poor energy performance in Britain is the legacy of poor energy efficiency standards in the UK (Rudge and 
Nicol, 2000). It is true to state that we have, in current society determined a level of clothing which is deemed 
appropriate to wear in building, which is lesser than that in earlier parts of this century (Faber, 1935). In 1976 
Foley argued that:
“The energy consumptive buildings of today are the poverty traps of tomorrow -  those who are 
forced to live in them will be so bled of income in the struggle to stay warm that opportunities for 
saving and betterment will be dramatically curtailed”
While this situation is evidently applicable to the residential sector, it is part of the wider energy efficiency 
debate. This relationship is particularly evident in the UK where 45% of buildings are over 50 years old. It 
has been demonstrated that through improved building performance standards, the “poorest households can 
now lead a comfortable life ” (Green, 2000, p86)
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7.9 From Energy Efficient Construction to Sustainable Construction: Future Research Perspectives
Since the inception of this research in 1997, the notion of sustainability, sustainable development and 
sustainable construction have gradually usurped less favourable terms such as “green construction”.
“Sustainability is one of the Government’s current buzzwords. I recently attended an hour long 
brainstorming session with some of the leading figures in the building services sector, and the word 
was used no less than thirteen times by the parties around the table” (Ross, 2001, p2)
There is a widespread debate about the importance of the built environment in achieving a more sustainable 
societal infrastructure, and means of living. However achieving a sustainable vision for an industry that 
consumes and wastes such a vast proportion of the earth’s material and energy resources may appear to be 
an insurmountable task. One of the key means of achieving this however will be the ability to understand the 
goal, both short and long term, and then measure progress during the journey.
Energy efficiency in the built environment represents only one of the many factors required in the pursuit of a 
sustainable industry, and a sustainable built environment. In the current environmental climate however 
energy efficiency remains one of the largest challenges, due to the scale of the environmental impacts and 
the nature of the barriers that constrain progress.
These observations have led to the omission in this research of one of the most significant environmental 
impacts and that is material use. The environmental impact of material use arises from both the nature of the 
materials selected and also where these materials are sourced. An interesting study encountered during this 
research which demonstrates this fact is that of Golton (1994). This study was based in Cyprus, however it is 
representative of a wider challenge.
The way building materials are considered has changed significantly over the course of this century. 
Traditionally materials were sourced from that which lay around the local community. This factor can explain 
many architectural features such as the predominant materials within towns or regions. Golton studied the 
materials forming two Cypriot houses, and highlights the shift between local to global material dependency. 
The first house built at the turn of the 20*  ^century was constructed solely of local materials sourced from no 
more than 20 miles away. The stone was quarried in the hills around the village, timber joists, floorboards 
and partitions came from the neighbouring village, and only the reeds for a reed lattice above the timber 
joists and the gypsum for the plastering came from further afield, a distance of no more than 70 miles. In 
contrast the materials selected for the modern house reflect the global nature of our society, and were 
sourced from truly international sources. Whilst the bricks, sand, gravel, cement and facing stone all 
originated on the island, some timber came from the USA, steel reinforcements from Belgium, aluminium 
doors, windows and other fittings from Italy and Greece and glass from the UK. Other materials such as 
carpets, tiles and minor items were sourced in Italy, Spain, Japan and Russia. It is true to state that the more 
modern house is constructed to meet the demand for greater occupant comfort and convenience, but the 
trade-off in terms of the energy required to manufacture and transport the additional materials is significant.
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Environmental tradeoffs occur in many construction decisions, and in the Energy Toolkit for example where 
material additions and substitutions are made without reference to the energy and environmental impacts 
contained within the extraction, manufacture and transport of these materials and components. This decision 
Is justified by the current dominance of operative energy in building life cycles. As efficiency begins to 
improve however this relationship will weaken and other areas may become a priority. As was discussed in 
chapter 2, the ways of investigating the environmental impacts of material systems is a complex field 
considering the large number of components brought together by the construction industry. The functional 
unit methodology used in the formulation of the LCC strategy in this research where modifications were 
considered in relation to a reference base case (typically centred around building regulations) may prove to 
be a useful means of streamlining an LCA study. A valuable addition to the energy toolkit would be to 
incorporate some means of understanding the embodied energy and environmental impacts of the additional 
and avoided components and materials used to formulate an energy efficiency programme.
New procurement routes such as PFI are readily able to drive forward the necessary innovations to integrate 
energy efficiency and other environmental concerns into clients’ consciousness. The Government and other 
parties involved in realising PFI projects need to work more closely together to ensure that aspects of the 
brief intended to ensure building functionality and value to the taxpayer do not backfire in excessively 
complex buildings which will be difficult to manage when the building is handed back to the public sector at 
the end of the concession period. In order to realise this sort of change however the barriers of imperfect 
information need to be overcome, clients and design teams need timely and appropriate information to 
support solutions which offer long term value. Providing such information in an active manner determines the 
need for design tools to support the process of change. The pace of the PFI process is increasing and now 
hugely complex £100 million hospital schemes are taken from output spec to construction drawings within 
the space of 8-10 months. This means that design tools which labour on detail can miss the few days or 
weeks “window of opportunity” where the real potential to improve environmental performance in that design 
programme lie.
It is evident from Chapter 3 that a wide range of approaches and tools is appropriate for examining the 
environmental impacts of the construction industry at a number of levels. The research community must be 
careful in ensuring that the front end of the industry is not overwhelmed by such approaches and must 
ensure that each of them is contextualised and framed within the environmental debate. The creation of 
meaningful design tools are only one aspect of the research effort which is required in this area, as there is a 
limit to how much can be taken on board by design teams. External research should also be focussed on 
generating a better understanding of which materials and construction systems are more environmentally 
acceptable, and what tradeoffs are inherent in their selection. This will to a certain extent depend on 
clarifying the expert view on material concerns such as the typical wood vs. aluminium vs. plastic windows 
debate, which is an example of a product for which there is conflicting information in the marketplace. If the 
experts and researchers are undecided on the most environmentally favourable products, it would appear 
that those at the front end of the decision making process, during design are left with seemingly 
irreconcilable choices. Considering the multitude of win-win scenarios discussed throughout this thesis, 
when the correct choices are made, it is more than the environment which stands to benefit.
191
Chapter 8: The Challenge for Energy Efficiency: Summary
The construction industry has a vast impact on the environment, and the way we order and live our everyday 
lives. From the extraction of raw materials throughout the entire building life cycle, the construction industry 
lays claim to some of the most significant impacts of humankind. In the UK, the construction industry is the 
largest producer of landfilled waste, it is the largest consumer of virgin raw materials, and yet 
notwithstanding the enormity of these impacts, it is only when the building begins to operate that the real 
environmental impacts are told. Over the whole life cycle of buildings, it is the energy consumed during their 
operation that holds the most significant environmental impact, and this is true of both commercial and 
residential buildings.
Energy performance of buildings is not a straightforward issue, and depends on the close integration of 
client, designer, contractor and operator in order for good performance to be achieved. Unfortunately the 
reality, at least in the UK is that many commercial buildings are commissioned by speculative developers 
with outwardly little interest into a buildings’ long term performance, or in features which will not directly 
improve the letting potential of their property. Although improved energy performance has the potential to be 
a market differentiator, through economic, occupant and environmental drivers, experiences encountered 
during the development of this thesis suggest it is currently not perceived as such. Cost effective energy 
efficiency measures are still not being seized on the majority of construction projects.
It might be expected, given growing technical potential, that the energy consumed in buildings would be 
falling, through tighter standards and improved technology, but this is not the case. On the contrary, energy 
consumed, particularly in the non-residential sector is increasing, not only as a function of increasing total 
floor areas, but also on a unit area basis. Given the significance of building related energy consumption and 
emissions on a global scale, increasing consumption is a tangible threat to both current and future national 
emissions reduction programmes, as the global demand for energy increases. In foreseeing a transition to 
renewable sources of energy, these inefficiencies must be addressed, as the cost of eliminating inefficiency 
will be undoubtedly less than feeding it as energy becomes more expensive to produce using preferred 
technologies. This situation is indicative of a widespread challenge within the construction industry in the way 
it considers energy efficiency and building life cycles. But viewing the debate solely in the context of barriers 
to technical potential may be to miss the point. There are a wide range of structural, organisational and 
communication issues, evident, which are constraining energy performance, although these have emerged 
in response to other construction parameters and demands, such as for example the increasingly short 
bidding periods. Permeating these barriers in the name of energy efficiency is not always easy.
Reducing the energy consumption of buildings represents not only a potentially significant environmental 
benefit, but is also very favourable over a medium-long term economic basis. Considering the likely rise in 
energy prices over the lives of new buildings, these economic benefits look set to become very significant 
indeed. It is a common misconception that low-energy design needs to be technologically advanced, 
expensive, and distinctive in appearance. This research has demonstrated that simply by getting the basics 
right at building inception, very significant environmental and economic savings can be accrued. This can be
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taken further with specific strategies if the situation allows during later design stages. But if further work is not 
possible, the client is still left with a fundamentally efficient building.
The procedure described in this thesis, applied to the University of Hertfordshire project has highlighted the 
value of examining basic building design variables during the early design stages, and has evolved into an 
easy to use, repeatable process used by multidisciplinary teams. Basic design features, typically the 
orientation and basic features of the building facade, are not generally highly capital intensive and will 
usually pay back the initial investment over relatively short periods. The type of building under consideration 
will obviously affect this relationship, but the likely savings over typical practice are likely to be substantial. 
Implementation of these features in the building demands more than assessment tools however, it demands 
a procedural framework to manage the information flows and results of the assessment stages throughout 
the design process, a procedure that is flexible enough not to stifle creativity. Notwithstanding the obvious 
benefits to be gained from addressing the building fundamentals, it is surprising to note the number of 
challenges, both individual and organisational, faced during their implementation on the University project.
Following the award of the PFI contract for the University of Hertfordshire Hatfield Campus in 2001, Carillion 
have since learned that the approaches taken on energy and sustainability were pivotal in them securing the 
30 year contract:
“The University has high expectations in the context of sustainability. We were pleased to find that 
Carillion’s proposals met with those expectations and this was an important factor in Carillion’s 
selection as our private sector partner in the development of the De-Havilland Campus” Professor 
Ann Smith, Environmental Stategy Co-ordinator, University of Hertfordshire Cited in 2001 Carillion 
Sustainability Review.
The barriers to improving energy efficiency, are “not insurmountable...however there are factors that 
contribute to the problem which need to be considered when proposing solutions” (Scrase, 2001, p57). It is 
not currently technical innovation that is restraining energy performance in buildings, but rather market 
conditions and other socially constructed factors. The Energy Toolkit will aid in permeating these barriers 
through the production and availability of timely and useful design information for the benefit of all members 
of the delivery chain, and during periods where the most effective and economic design enhancements can 
be made. Most importantly the process is designed for use within existing design team structures, and within 
existing design timeframes, and is hence widely appropriate. The availability and ownership of appropriate 
information has been demonstrated to be a key constraint within current practice, an issue that is addressed 
through the Energy Toolkit. It is true to say that the basic package of features would not have been 
considered without the use of this tool, quite simply because of the flawed recommendations of the building 
services consultants, and the threats posed in the value engineering process discussed in chapter 5.
The PFI procurement route represents a stepping-stone to demonstrate such an approach to the wider 
marketplace, as it represents only a small fraction of the buildings designed and constructed in the UK each 
year. However, as the Government is the largest construction client in the UK, it has yet to fully realise the 
scale of opportunity available through PFI to showcase good design and procurement practice. Before this
193
demonstration and dissemination process can begin, the Government must address some of the key 
weaknesses of current PFI contracts, whilst still protecting levels of public service. These weaknesses 
include the way in which energy costs are incorporated within PFI contracts, typically with the client, 
separating energy costs with those features which dictate its consumption, which typically remain with the 
contracting consortia. Furthermore, there are high penalties for exceeding the design temperature 
tolerances, incentivising increased mechanical temperature control. Whilst there is evidently a need to 
ensure that internal temperatures remain comfortable, these excessive margins and penalties mean that the 
risks associated with more passive approaches are generally deemed too significant.
There was significant resistance to the initial (DETR, 2000) proposal to revise Part L of the Building 
Regulations, despite the fact that the costs associated with implementing these features are likely, on the 
basis of the evidence discussed in this thesis, to be small compared to the lifetime savings accrued. This 
resistance translated into comparatively modest advances in Building Regulations for 2002. Since the 
benefits of exceeding Building Regulations with respect to thermal and energy performance are evident, it is 
determined that the Energy Toolkit can be used to find optimal, demonstrable, and proven means of going 
beyond minimal standards on a project specific basis.
Ultimately the Energy Toolkit is acceptable for dealing with refurbishment projects that contribute towards 
prolonging the life of the existing building stock, should acceptable levels of efficiency be achievable. The 
aim is not to produce a limited number of “showcase green buildings”; it is aiming to be applicable and useful 
in the design of a wide range of buildings, regardless of the procurement route including existing buildings. 
The overall aim is to exert significant environmental influence by embracing a potentially large number of 
buildings rather than seeking absolute optimal performance in a limited few.
Promoting energy efficiency in buildings would appear to present a highly cost effective means of 
substantially reducing national greenhouse gas emissions, even in the current economic climate. There are 
regulatory and policy issues to be addressed in ensuring however, that greater efficiency and cost savings in 
one sense, does not trigger greater consumption elsewhere. Given the current level of performance in new 
and existing buildings, the opportunities to improve performance and reap the benefits are a significant. The 
example of a university residence development cited in this research demonstrated that with as little as 
£109,000 additional capital, approximately 0.2% of total capital costs, over 40,000 tonnes of CO2 could be 
negated over a 25 year period (against the then minimum standards of Building Regulations). This will yield 
energy cost savings in excess of £3 million (at current rates). The CO2 emissions savings are equivalent to 
all of the 1600 occupants of the building driving for approximately 10000 miles a year, every year for 25 
years.
We can expect energy costs experienced by consumers in the future to reflect more fully the true 
environmental and social costs of consumption, and under this regime, the economic benefits will be even 
more convincing. In anticipating a future economic climate such as this, it is unfortunate that the majority of 
buildings, with potentially long lives are being constructed with scant regard for these implications. The 
environment/life cycle cost model proposed in this thesis highlights the effects of a number of future energy 
price scenarios on whole life economic performance, and the likely benefits of alternative low energy
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solutions. It is frequently found however that even by limiting the analysis to current energy prices over the 
whole simulated life of buildings, energy efficiency strategies can still pay back over short periods, and still 
deliver significant whole-life benefits. The fact that such strategies stack-up financially assuming that energy 
prices remain constant is a powerful reminder of how far we are away from optimal building solutions.
The fee structure system within building contracts is considered to be a major barrier to achieving more 
efficient approaches. Considering the fact on one of the projects encountered in this thesis, a massive 
reduction in the demand for heating was not associated, it was claimed, with any cost reduction for heating 
plant, even after repeated prompting, shows up some of the obstacles that Energy Toolkit users will face. 
This particular obstacle is evidently derived from the way in which that particular project partner was to be 
remunerated for their work in designing and installing mechanical and electrical services into the building. 
Furthermore, these barriers are currently acting as incentives to inefficiency, and until fee structures are 
organised on a performance, rather than installation value basis, this will continue to represent a major threat 
to energy efficient approaches, by distorting the true cost savings available.
The flexible Energy Toolkit processes are currently being used by a wide range of construction disciplines 
within Carillion, led by an expert user group. Part of their training, considered briefly in this thesis has been 
developing a realisation of the full range of barriers that exist to energy efficiency, and the way in which 
these influence building performance. Although these people deal with such barriers on a day to day basis, 
usually in dealing with other construction matters, there has been a genuine sense of surprise as to how 
these barriers can influence the operative performance of buildings. The knowledge and information created 
as a result of using the toolkit has proved to be as valuable as the methodology itself. This has subsequently 
sparked a heightened enthusiasm towards addressing these barriers. In Carillion’s PFI portfolio for example 
energy issues have now received much stronger recognition, especially as the company has had a strong 
voice in the lobby to move away from PFI projects in which energy costs are simply passed through to the 
client. There is clearly much work still to do in realising the both the economic and environmental potential of 
PFI projects, and that should begin with addressing the contractual compromises highlighted in this thesis. 
Although both clients and contracting consortia work within these barriers every day, only when they are 
exposed and the impacts quantified does their significance become apparent.
The Energy Toolkit has to work in the current design and contract frameworks however flawed these may be, 
but there are a number of opportunities arising out of processes such as PFI which are genuinely changing 
the way in which the industry operates, and which must be seized if this debate is to gain momentum. The 
process, while working within the current constraints, must encourage users to identify and challenge current 
boundaries wherever possible, and to understand how these are influencing building performance. It is 
essential that in developing new approaches to building design and procurement, that the relative safe haven 
of the “business as usual” approach is overcome, and that we find ways of inspiring interdisciplinary 
confidence, promoting innovative, and efficient construction solutions. These solutions will ultimately be to 
the benefit of building owners, users and the environment.
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11. Energy Toolkit Demonstration
In order to gain a fuller understanding of the costing spreadsheet in the Energy Toolkit Procedure a simple 
demonstration tutorial is included in the CD Rom on the following page. This is a real example looking at the 
benefits to be derived from installing a wind turbine on an NHS site in the south of England. The data is 
actual manufacturers data generated for the site-specific solution.
11.1 Tutorial
To load the spreadsheet find the Excel file named E T Demo on the CD Rom. While the file is opening, you 
must select the enable macros function.
The spreadsheet will open on the main data input page where you will notice that the values for the low 
energy and reference options have been inserted into the spreadsheet for you. The option compares the 
installation, management and maintenance of 1 600Kw turbine on the site compared with sourcing that 
electricity from the grid. Considering the size of the wind turbine and the large hospital to which it will be 
attached it is assumed that all the energy generated by the turbine will be utilised by the site and none will be 
fed into the grid. It is worth noting that in some worksheets the pages are longer or wider than the screen.
The main worksheets of interest are as follows (work through these on the spreadsheet before changing any 
data) :
Graphical Summary: This page shows 3 graphs describing the economic performance of the low energy 
solution compared to the reference case. The first two graphs show the cumulative costs of the two options 
and then the differential between the two. The third graph shows the discount rate sensitivity, essentially the 
sensitivity of the projected period of payback to the discount rate selected for the analysis. Scroll down this 
page to see the 4*^  graph. This graph demonstrates the potential variation in capital costs for the low energy 
solution. For many low energy technologies such as solar water heating and other renewable options, the 
predicted capital costs during outline studies are potentially higher than market rates. This graph 
demonstrates the % reduction in capital costs required to make a certain option viable (ie payback within a 
required period).
Graphical Summary 2: The graph on this page recognises the fact that energy assessment predictions early 
in the design phase do have a certain tolerance attached to them. The sensitivity factor for this parameter 
can be changed although is defaulted to +/-10%
Energy Benchmarks: This graph is only of use when the whole building is being considered, usually early in 
the design process (when insulation factors etc are being optimised) since it takes both your reference and 
low energy solutions and compares them to BRECSU benchmarks for the particular type of building to be 
selected. The building type can be selected from the “Scheme Data Input” page.
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Em/ss/ons; This screen demonstrates the CO2 emission savings posed by the low energy option. These 
figures are then converted into more meaningful statistics in the text boxes. These more meaningful 
interpretations are often included in bid documentation.
When you are familiar with the above worksheets, click back to the Scheme Data Input page and begin 
changing the parameters of the analysis. All of the data sensitivity checks are controlled through this screen.
Try the following:
• Scroll Down and Change the discount factor and/or the discount rate sensitivity factor see the effect 
this has on the analysis in Graphical Summary. To change the discount factor insert the desired 
variable in the cell labelled “User defined discount rate”. The discount rate sensitivity will be applied 
to this value.
• Similarly add a fuel price escalator taken from DTI statistics. Choose a scenario and check the effect 
on the analysis.
• Try adding in the benefit for Renewables Obligation Certificates (ROI), which are claimed by the 
wind energy consultants to account for 4 pence per KWh generated amounting to an annual revenue 
of approximately £65,000. This can be inserted into the analysis by inserting a negative Annual 
Maintenance charge in a new component row for the low energy option.
As you may notice there are a number of additional screens to the spreadsheet which have not been 
referred to above. The majority of these are dealing with data management, most of which can be modified 
by the user to meet their specific requirements.
This spreadsheet is under constant development following feedback from the expert user group. The first two 
sheets in the spreadsheet are still under development.
The first sheet titled: Design Indicators is intended to summarise the guidance in the marketplace in the 
earliest stages of the design process., this sheet is intended, with a very few input parameters express the 
broad requirements for a low energy solution. Although this sheet is not yet functional the general intentions 
should are observable.
The second sheet is the Outline Data Input This sheet deals with the very early data surrounding the 
characteristics of the building envelope. It is intended that the user can select the reference and upgraded 
options from a data library which sits within the spreadsheet. The idea is that this will speed up the data entry 
during the early stages. The sheet is functional, but the library of information has not yet been developed by 
the expert user group.
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The spreadsheet based application has posed a number of problems especially as it is based on multiple 
equations, the potential to introduce an error is fairly high especially considering the constant evolution. This 
sort of sheet however means that users who are reasonably proficient in spreadsheets can make changes to 
the model as required. When the spreadsheet reaches a level of maturity it may be considered to transfer it 
to a more stable format. This would possibly incorporate an internet function such that data and examples 
can be shared.
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Abstract
One of the most significant environmental impacts of buildings occurs through the consumption 
of energy during their operational lives. It is a well-known fact that buildings in the UK are only a 
fraction as efficient as current approaches and available technologies permit. The effective 
management of the design process is pivotal in the delivery of buiidings with improved energy 
efficiency, but despite this, the monitoring of energy performance is not currently a typical part 
of the construction design process. This paper describes the development of a design 
management procedure in which energy performance is monitored from the earliest phases of 
building inception. The decision support tool gives guidance to design teams at a stage in the 
design process where there is currently a lack of information on project specific energy 
performance issues, and their environmental and economic implications. Life cycle cost 
performance is captured through elemental life cycle costing, in which the implementation of 
systems to improve efficiency are considered as a function of additional and avoided life cycle 
costs. This procedure has been developed through public sector PFI (Private Finance Initiative) 
projects, which allow a longer-term view of both capital and operating costs, since the 
contractors are an integral part of the long-term management consortium. The much greater 
level of opportunity presented in these contracts, and the potential to influence the wider 
marketplace could offer a breakthrough for the wider acceptance of environmentally sensitive 
building design.
Keywords: Energy Efficiency, Life Cycle Costing, Building Design, Private Finance Initiative, 
Sustainable Construction
Introduction
The environmental impacts of the construction process occur over a variety of time scales from 
the extraction and processing of raw materials through the construction process and building 
operation, to the eventual demolition of the structure at the end of its operative life. Life cycle 
assessment (LCA) research has suggested that it is during the operational life of buildings
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where the most significant environmental impacts occur (Eaton & Amato, 1998, Smith et. al. 
1995). UK buildings are considered to be some of the least efficient in Europe (EIBI, 2000), and 
are responsible for almost half of national energy consumption and CO2 emissions (Parrot,
1998). Despite the extensive collective knowledge within the industry concerning energy 
efficient buildings, both new and existing developments are significantly less efficient than 
current technology permits. This represents a substantial environmental burden, but the 
opportunities to reduce this burden are equally substantial.
It is hardly surprising that buildings pose such a significant impact on our environment, since in 
the developed world, almost 90% of our time is spent in them (Papanek, 1995). In adopting the 
present-day energy efficiency standards, the built environment has significant inertia, and in 
order to deliver a significant improvement in energy performance for the built sector, both new 
and existing buildings must be considered. However it should be recognised that new buildings, 
through their designers, carry a more significant burden of responsibility since they must reflect 
society’s increasing demand for more environmentally acceptable modes of living, and are able 
to deliver a greater level of economically and environmentally effective savings. New buildings 
are also likely to avoid problems with listed status and heritage issues that may otherwise 
constrain the performance of existing structures during refurbishment. Considering the fact that 
the built environment continues to grow year on year, the performance of buildings as a whole 
will need to continually improve simply for national energy consumption to remain stable. 
Evidence at the moment is less than encouraging with the latest figures suggesting that in the 
UK, not only total floor area is increasing, but also consumption per unit area (EIBI 2000).
It is during the design stage where the majority of decisions which affect building energy 
performance, are made. However, energy performance is generally not one of the multitude of 
factors considered throughout design development. Frequently energy performance 
assessments, where they are made at all, are done at a detail design stage, when the 
opportunity to make any significant improvements is significantly diminished. The iterative 
nature of the design process creates a “window of opportunity”, a limited period over which the 
design and design personnel can be receptive to environmental and other improvements. This 
is illustrated in figure 1.
This paper describes the development and application of a procedure which will raise the profile 
of energy performance in the design process, and which demonstrates both the economic and 
environmental implications of selecting alternative energy related design options.
The UK Government’s most recent building procurement route known as PFI (Private Finance 
Initiative) represents one of the more promising avenues in demonstrating long-term 
approaches to design. In PFI contracting consortia must design, build, finance and operate a 
facility to provide a public service over an extended period, usually in the order of 25 years. 
Contractors have the benefit of a very early involvement in these projects and have a significant 
influence on design management. This approach to procurement brings new opportunity to 
implement energy efficiency and other environmental features since the strict distinction 
between capital and operating costs is reduced. The investment in both the provision and 
maintenance of the building is met through the unitary charge levied to the client. These 
opportunities have yet to be fully exploited by either Government clients or the contracting 
consortia involved. The proposed design procedure is being developed on PFI projects, which 
are considered a suitable platform from which to introduce the concepts to the wider 
marketplace. This does not mean that the PFI procurement route represents an inherently 
environmentally or economically superior approach. However the long term ownership by the 
management consortium, and the payment structures employed, means that energy efficiency 
measures can usually be justified on the basis of reduced utility or maintenance costs, which 
over the life of the building are at least cost neutral within the concession period. There are 
however a number of characteristics common to many PFI contracts which may constrain 
building energy performance. Firstly the fact that payment for utilities frequently lies with the 
client rather than the contractor, who is then less able to offset any increases in capital costs 
against reduced operating costs. Secondly the way in which maximum design temperatures are 
part of the definition of “serviceable space”, this means significant fines are incurred if any area 
of the building exceeds this maximum design temperature for more than a specific number of 
days each year (usually around 2%). Considering the significant risk money attached to these 
contract infringements, contractors will frequently seek a mechanically cooled solution to avoid 
the potential penalties.
The vast majority of the UK’s building stock is highly inefficient compared to similar buildings 
across much of northern Europe and Scandinavia. For example in Finland, the relatively low 
national energy reserves and cold climate have led to a culture of energy conservation which is 
not evident in the UK (Hulliova et. al. 1998). A culture of energy conservation will have to be 
fostered amongst all members of the project delivery chain, from clients to architects and 
contractors to building users before any significant improvements in performance will be noted. 
However, if this does happen we can expect a win-win scenario, with the industry able to deliver 
greener, more durable buildings with reduced whole life costs. It will also make a very significant 
contribution to reducing CO2 emissions in the UK, a step towards a more environmentally 
acceptable way of living.
The procedure described in this paper recognises that the early strategic stages of the design 
process are where the most significant performance enhancing opportunities lie, and hence 
where the most significant environmental and economic improvements are currently being 
overlooked. It therefore seeks to be responsive to the demands of the design teams in 
delivering timely, accurate and appropriate levels of decision support information. The decision 
support data used by the design teams is also vital in presenting the environmental 
improvement options to other members of the project delivery chain, most importantly the clients 
and developers.
Energy Assessment and The Design Process
The energy performance of buildings is intrinsically linked to the construction design process, 
but is not typically assessed throughout the inception or development of building proposals. 
Considering the scale of the environmental impacts arising from building energy performance, 
both throughout the life cycle of individual buildings, and on a national scale, this situation is 
clearly of great concern. The discussion below outlines the fundamentals of a new approach to 
energy performance in the design process.
Building energy performance can be described as a function of three interrelated factors, these 
being building design (basic parameters of plan/form, orientation and the building fabric), 
services design (specification of heating, lighting and cooling systems), and occupant behaviour
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(occupancy patterns and employee awareness). These interrelated factors are determined 
during various stages of the development process. While the behaviour of the building 
managers and occupants is clearly an important issue, this paper focuses on those features 
which are not readily influenced over the building’s life, these being building and services 
design.
The iterative nature of the design process means that the requirements for achieving energy 
efficient building design changes throughout the development process. This is illustrated in 
figure 2 below.
During the early design stages the opportunity to influence energy performance begins with the 
decisions made about the fundamental building design elements, these parameters are 
particularly important since they are essentially fixed over the life of the building. Other factors, 
and particularly the services installations, although clearly linked to these early decisions, do 
retain scope for development and update over the operative life of the building. Occupant 
behaviour is conditioned by both the design of the building and the quality, nature (i.e. whether 
they are passive) and controllability of services, although can also work independently of these 
factors.
Whilst the objective during the earlier stages is to minimise the need for artificial service 
intervention, the aim during the later scheme design stage is to satisfy the service needs of the 
building in the most efficient manner. Different services installations have different cost 
implications, and hence consideration of their whole life costs is of critical importance when 
considering the viability of these options within the building.
Developing a Procedure to Improve Energy Performance
Having the necessary support tools and a suitable environment in which to operate is only part 
of the whole approach. In order to manage the design enhancements, and deliver improved 
environmental and economic performance in buildings, a procedural framework is required in 
order to assist and inform the decision making process during the key stages. The proposed 
tool to satisfy this demand, and its supporting framework are collectively termed the “Energy
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Toolkit” in this paper. The Energy Toolkit has been designed within one of the UK’s largest 
building contractors, initially to operate on the company’s PFI schemes where the contractor 
maintains an interest in the life cycle of the building. The procedure has also been used to 
enlighten other, more traditionally conceived procurement routes where construction and client 
parties may have little direct interest in the long-term performance of the building. The Energy 
Toolkit tools and processes are described in this section, and also in a case study later in the 
paper.
The procedural framework for the Energy Toolkit is highlighted in figure 3 where the central 
objectives are supported by two information systems throughout the design process, these 
being energy assessments and costing assessments. At the detail design stage the process is 
essentially complete, apart from the verification that the building performs in the manner 
intended with the more detailed modelling expertise and information available at this stage.
The supporting technical tools used by the energy toolkit are an energy assessment tool, and a 
life cycle costing tool, and these are contained within a process which details when, and how 
they should be used. Both energy and economic analyses are undertaken at the three identified 
areas of the design process, these being the outline, scheme and detail design phases.
The energy assessments described in the Energy Toolkit procedure must perform functions at 
two different levels within the design process. Firstly they must assess the predicted 
performance of the basic building design parameters as highlighted in figure 2 at outline design 
stage, it is at this critical stage where the lack of decision support tools is most apparent. There 
are a wide variety of energy assessment tools on the market, some of which enable the 
assessment of energy performance in buildings during the early design process. Each of them 
offers slightly different features, and places a particular emphasis on a specific building type or 
characteristic. As part of this procedure a matrix has been produced which guides the user into 
selecting the most appropriate energy-modelling tool to achieve a particular aim. The matrix 
deals with the following parameters:
• Suitability for a specific building type
• Level of inputs required by the model
• Modelling parameters
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•  Outputs and output formats of the model
• Parameters that are user-adjustable and those that are fixed to assumed values
• Accreditation and verification
The LT Method (Baker et. al. 1998) is an example of an energy-design tool that can be used 
during outline design activities. It uses a basic set of building parameters including the 
orientation, number of stories, floor plan layout and glazing ratio to calculate an energy 
assessment which can be compared to other LT results. The tool is not intended to give 
absolute energy consumption data, only comparative assessments, but is a simplified and fast 
manual calculation methodology. It has been tested and shown to be effective on a number of 
live projects (ETSU, 1991) (Hawkes, 1994).
A simplified energy model such as the LT Method cannot adequately assess the benefits of
common energy efficiency strategies described in figure 4. This is due to the fact that many of 
these parameters form part of the fixed variables that allow the tool to be easily used during the 
earlier stages. This is a key weakness of the LT method, but this has been addressed in a 
subsequent computer-based development of the tool which allows the variation of a much wider 
range of parameters.
One of the tools selected to allow this more advanced early-design analysis is Energy-10 (SBIC
1999). This tool retains many of the important features of the LT method, in particular the ease 
in which the building can be described to the model, but allows the control of a much wider 
range of parameters in order to evaluate the strategies such as those outlined in figure 4.
The US Sustainable Buildings Industry council developed Energy-10. It is a PC based energy 
performance simulation tool that is particularly suited to smaller buildings with up to two distinct 
thermal zones. Despite the software being developed in the US, the program also contains 
limited climatic data for a number of international locations. The software aids in the analysis of 
thermal and lighting performance by calculating heat transfer from point to point within the 
building each hour throughout a simulated year. Weather data consists of site-specific, hour-by- 
hour values such as temperatures, solar radiation, humidity, and wind speed. Each month of
data is from a different year, selected to be typical of the long-term average for that particular
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month. The simulation analysis in Energy-10 accounts for evaluation of solar gains through 
windows, heat flowing into and out of walls, thermal storage in building materials, and HVAC 
performance. The simulation is performed for an entire year, summing hourly energy 
consumption into monthly totals. Daylighting in the building is simulated in a similar way, 
accounting for visible transmittance through windows, switching or dimming characteristics of 
the lighting controls, and reduction in heat energy generated by the lights, which, in turn, affects 
the building's thermal performance. The daylighting analysis divides the building into five 
lighting zones and employs the split-flux method. The thermal analysis is done using a thermal- 
network mathematical modelling approach. HVAC analysis is quasi-steady state. (SBIC, 1999)
Using energy modelling tools during the very early stages of the design process, ideally before 
the inception of the architectural design process is not as problematic as the lack of data would 
suggest. Essentially the user must create a basic building model upon which to form a series of 
recommendations, this should be the same size as the clients requirements and incorporate all 
of their basic output specifications, but is essentially an innocuous box. Although this basic 
model is not taken into account during design, it is used to form a series of recommendations 
about the most appropriate way in which to orientate, glaze, heat/cool, ventilate and insulate the 
type of building to be designed. The clients output specification and other requirements have a 
large bearing upon the way the buildings evolve, and as such the recommendations produced 
by this method are both pertinent and useful during the architectural design process.
Selecting energy efficiency strategies appropriate to the project in question is currently achieved 
through a workshop, attended by the whole design team. However as the Energy Toolkit 
procedure develops, it is intended to draw some generic lessons from these scenarios in order 
to develop a decision tool to assist during this option selection process. It is intended that this 
take the form of a decision tree. The energy related performance of each scenario is considered 
either in isolation or as part of an integrated package, using Energy-10 or similar evaluated tool. 
All scenarios demonstrating energy savings are costed using the model described in the 
following section.
One of the key objectives of the Energy Toolkit is to expand the ownership of energy efficiency 
issues in the design process, an ownership which is currently very weakly linked to building
9
services engineers and architects. This process enhances the collective knowledge of the team 
and even allows clients to understand the issues, making for more effective cross-disciplinary 
dialogue, currently a key barrier in delivering energy efficient solutions.
Although the Energy Toolkit procedure was initially developed to address environmental 
parameters, the cost of implementing these features is a key determinant of their feasibility. A 
case study later in the paper suggests that not only is economic modelling necessary, but that it 
may become a discrete driver itself in marketing low energy solutions.
Life cycle costing in decision support: The Environment/Cost Model
The life cycle of buildings is pertinent not only in environmental terms, but also in economic 
terms. A typical office building for example will consume upwards of 3 times its capital costs 
over a 25-year period of operation as a consequence of its upkeep and maintenance (Cook, 
1997). The marketplace is just beginning to realise the importance of operational costs, but 
some of the market barriers similar to those restricting operative environmental performance 
remain, typically the reluctance to take a long term view on building ownership.
Life cycle costing is an intrinsic part of the decision to adopt or reject an energy efficiency 
strategy. The requirement is for a holistic assessment as to the cost of adopting a particular 
energy efficiency measure or technology, against a reference case, which is based on either, 
building regulations minimum acceptable standard, or a “do-nothing” approach, depending on 
the nature of the strategy. Strategies such as insulation or glazing for example would use 
building regulations as a reference case, whilst an evaluation of strategies such as solar 
shading or natural ventilation would be compared against a “do-nothing” reference.
Energy efficient building strategies have often been considered solely on the basis of additional 
capital costs, and reduced operating costs. However many energy efficiency options can reduce 
both capital and operating costs. In both cases such strategies should be seen as a 
combination of additional and avoided capital and operating costs. Holistic cost modelling is 
required where systems providing the same service are considered, and both the additional and 
avoided capital, operating and energy costs are included. This is achieved by internalising the
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cost of all the components affected by the decision to select a specific energy efficiency 
strategy. This is explained using an example in figure 5.
The approach described in figure 5 is achieved using a spreadsheet based environment-cost 
model. The input parameters reflect the early design timeframe in which the tool is designed to 
be used. The input parameters are highlighted in the screen-shot in Figure 6. In order to 
perform an economic analysis, the user would input the capital cost, maintenance and 
replacement costs of a series of building components, and then energy consumption figures 
from the energy assessment tool, typically Energy-10. The components modelled are 
determined by those building features or characteristics that are required to realise the level of 
performance established through energy modelling.
When comparing two alternative methods of delivering the same level of service as in this 
spreadsheet application, the balance between capital and operating expenditure will vary, and 
also the distribution of costs over the study period. Expenditure can occur over a variety of 
different time scales which means that direct comparisons between alternative systems are 
complex, and the techniques used to address these issues are often controversial.
The concept of discounting has been seen to be contrary to that of sustainability and good 
environmental performance (Deakin, 1999) (Pearce and Turner, 1990). This is largely due to the 
fact that costs (and hence resource uses) in the future are systematically depreciated against 
those in the present. The higher the discount rate, the more pronounced this effect becomes, 
and increasingly capital costs become dominant. However discount rates do not in themselves 
seek to undermine environmental performance, they instead reflect the fact that there is a time- 
value to money. Costs or benefits, which are likely to occur in the future, have less significance 
than those occurring today, owing to the effects of inflation, interest rates, and increased risk 
and uncertainty as predictions are cast into the future. The discount rate is a factor which 
aggregates these variables. Given the costs of financing additional capital expenditure and the 
desire to recoup these costs, means that the use of the discounting principle is justifiable from a 
commercial perspective, despite some shortcomings. It would not for example be acceptable to 
consider capital today at the same rate as capital in the future, hence discounting allows 
decisions to be made where current costs are traded against future costs. It is hypothesised
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that even when taking into account the effects of the discounting, significant environmental 
improvement is still possible.
It is the use of unjustifiably high discount rates that jeopardise the environmental potential within 
construction projects, and this is to be avoided. The spreadsheet-based system highlighted 
above uses the HM Treasury approved rate of 6% as default, but is also user definable. 
Whatever rate is selected the model always tests the sensitivity of the decision to the rate 
selected, before a final judgement is made. Despite the large body of literature surrounding the 
selection of discount rates as considered by Deakin (2000), it is considered that many basic 
building strategies such as optimising insulation have such short payback periods, that the rate 
of discount selected (within reasonable bounds) is largely irrelevant. This is demonstrated using 
a real example later in the paper.
Data for life cycle costing is sourced through one of two routes. Firstly the independent building 
cost information sources:
•  HARM (Housing Association Property Mutual): Component Life Manual
• PSA (Property Services Agency, now known as TPS Consult) Cost in Use Tables
• Building cost information service (BCIS)
The alternative route is the information supplied directly from the manufacturers on the in-use 
performance of their products, although it is the independent sources that are more trusted by 
clients. The period over which the cost simulation is run has a bearing on the viability of energy 
efficiency proposals, and their cost structures. Most PFI contracts have service concession 
periods in the order of 25 years, but PFI clients are frequently interested in the serviceability of 
their buildings for longer periods.
The Energy Toolkit spreadsheet also calculates the environmental emissions incurred as a 
result of energy consumption of the two alternative systems. Ultimately the tool will be able to 
deal with the marginal costs of consumption, that being the environmental and social costs that 
are not currently borne by the consumer through utility bills.
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Results of Initial Application
The procedure described has been applied to the proposed University of Hertfordshire 
DeHavilland campus development project in Hatfield, where the client requires 1600 student 
residences under a PFI contract. Figure 3 demonstrated a very broad picture of how the 
procedure would work. The purpose of this trial application was to develop the approach 
described into a detailed generic tool, and to demonstrate the magnitude of savings available, 
both environmental and economic. At the time of writing, the proposals described are from one 
of two PFI private sector consortia remaining in the bidding process.
The application process began before the initial sketch designs were made, hence maximising 
potential influence of energy efficiency factors on the architectural design. A basic building 
design model was built up from the known “fixed” factors about the design which are: the 
division of the building into “flats” of 10 rooms, the requirement for approximately 12-14m^ per 
room and an additional 40% for circulation space (corridors, kitchens, stairwells and storage 
areas). The reason for this was to examine the effect of the following factors on the proposed 
site:
• Building Orientation
•  Glazing Ratios
•  Glazing Characteristics
• Effect of numbers of stories
• Insulation Levels (U-Value)
These factors were used to construct two baseline performance indicators, firstly a reference 
building which conforms to current building regulations. Secondly, a superior “low energy” 
building was modelled which meets or exceeds the proposed second phase revisions of the UK 
Part L Building Regulations planned for 2004, also using the principles of optimal glazing 
orientation. The results suggest that the Government’s “Good Practice” guidance of 260 
KWh/m^ is an undemanding target. The results of this investigation are summarised in figure 7 
below.
13
The results of this analysis were then passed onto the architectural design team as a series of 
recommendations. These recommendations are the result of energy modelling optimisation 
studies carried out during a pre-design phase, understanding how to get the most from the 
basic design factors such as glazing, orientation, footprint and insulation. In the absence of this 
procedure energy parameters would have had little or no impact on site planning and layout 
issues.
These recommendations resulting from this modelling process were as follows;
Elongate buildings across east-west axis where possible
Minimise glazed area to north facades as lighting requirements for rooms are minimal 
Use double glazed low-e window units with thermally broken frames 
Consider argon fill for window cavities
Use proposed 2004 (phase 2 revision) (DETR, 2000) UK Building Regulations as a 
reference standard for insulation to walls floor and roof, and consider economics of 
increasing insulation above these levels see figure 8 below for u-values assigned to both 
typical and low energy buildings
Of these energy improvement recommendations, insulation and thermal performance are 
paramount, and these features deliver the most impressive cost/savings figures. This is to be 
expected in a building type where total energy consumption is dominated by space heating 
demands. It is encouraged that this package of features are considered together, as they 
represent a whole-building strategy, many aspects of which are interdependent.
These recommendations are not the only features required to realise the degree of performance 
enhancements demonstrated. Issues of thermal bridging details and air tightness are also of 
critical importance. Air tightness is not significantly influenced by the early stages of the design; 
it is an issue of good workmanship rather than one of good design. However it is obviously 
important to work to parameters within the design process, which allow the accurate prediction 
of potential performance. The level used in low energy benchmark building is 5m^ /hr/m^ @ 
50pa, and the envelope is to be pressure tested to ensure that it meets or exceeds both the
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Building Research Establishment’s (BRE) leakage benchmark for tight buildings, and the 
proposed future building regulations (DETR, 2000).
The layout of the proposed scheme obviously contains some compromises, although the 
orientation of buildings is predominantly along the east/west axis. Contained within the client’s 
brief was a site masterplan, essentially a fundamental outline of the site, and its buildings, in 
order for outline planning permission to be obtained. These proposals, outlining the client’s 
vision for the site had the residential buildings oriented along a predominantly north-south axis, 
demonstrated to be the least favourable solution during modelling. The Energy Toolkit was 
instrumental in identifying and justifying this modification.
The architectural forms proposed in this scheme are predominantly a series of L blocks, used to 
form the basis of a large number of variant floor plans. These forms are selected to maximise 
the repetitious sections of the building and hence increasing the efficiency of the construction 
process. The fundamental shape is an L block housing 10 students in each of its two wings. The 
layout of the L blocks are consistent with the recommendation to elongate buildings along the 
east-west axis. An assessment was made as to the performance of this against the reference 
benchmark. The results of this analysis are shown in figure 9.
Further modelling was done to ascertain the effects of siting the building in different orientations. 
The figure below considers the original proposals and then the same building rotated through 
180°. The results of this study suggested that the orientation of these blocks has an effect, but 
is not critical to their energy performance. This is demonstrated in figure 10 below.
The results above suggest that the L blocks improve upon the performance of the low-energy 
benchmark, and it is demonstrated that orientation of these blocks is of low significance against 
thermal parameters. Given the relative margin of error on models of this nature a +10% 
increase (over the benchmark standard) would be considered an acceptable energy 
performance.
The final part of the analysis (at this stage of the process) was to estimate costs of 
implementing the recommendations proposed. At such an early stage in the design these costs
15
are only preliminary estimates. Obtaining this information is important however since these 
energy efficiency strategies would otherwise be assessed (in value engineering exercises) 
using assumed rather than actual costs. There is anecdotal evidence to suggest a tendency 
within the industry to assume the costs of energy efficiency features at a much higher level than 
their actual costs. This arises due to the fact that initial cost estimates are largely based on past 
project experience, and hence past techniques and technology. Figure 11 below outlines the 
additional costs of the features proposed.
These items were inserted into the costing spreadsheet described previously. This spreadsheet 
was not initially intended to be used at this early stage, however it is also effective on this more 
basic level to ascertain the payback periods for the additional items required. The total cost of 
implementing these features across the whole site is in the order of £150,000. At this stage a 
small number of items are costed, only those which relate to the physical building design, other 
factors assessed at this stage such as the orientation of buildings on site should incur no 
additional cost. The headline figures from the Energy Toolkit spreadsheet suggests in the whole 
1600 room scheme, that despite the relatively small additional investment, the features would 
deliver in the order of £3 million in energy cost savings over the 25 year term of the PFI 
contract. The environmental benefits are equally significant with approximately 44,000 tonnes of 
CO2 emissions being negated. These CO2 emissions benefits are the equivalent to each of the 
1600 students driving approximately 9000 miles per year, every year for 25 years.
Figure 12 below gives an example of the output of the Energy Toolkit spreadsheet. The 
additional capital cost of increased envelope insulation pays back very quickly regardless of the 
discount rate selected. The graph shown is based on a “current price only” scenario for future 
energy prices and a discount rate of 6%. The discount rate sensitivity lines (high and low) are 
set at 20% above and below the user-defined rate. The graph below suggests that this decision 
is not sensitive to discount rates since the payback period (i.e. where the line crosses the x- 
axis) is largely unaffected.
Both other factors concerning the window specifications also demonstrated short payback 
periods. Approximately 4 years for the low-e coating, and approximately 6 years for the argon 
filled cavities. The combination of these three features has dramatically enhanced the energy
16
performance of these proposed buildings. There is clearly still a significant scope for further 
enhancement, but the early foundations, which are so important in achieving good energy 
performance, have been positively influenced. Considering the iterative nature of the design 
process, this timely influence will clearly reap benefits further down the design chain. Figure 13 
below demonstrates the generic approach to building energy performance during the eariy 
design stages proposed by this research.
The scheme and detail design processes are to be considered in a subsequent paper, the aim 
being to produce a generic procedure as in the outiine design stage above, applicable to a wide 
range of projects. The key aim during this later stage is the consideration of specific energy 
efficiency strategies described earlier in figure 4. Since many of these strategies will only be 
suitable for buildings with specific characteristics, the initial part of the selection process will be 
the development of a decision tree that guides the user towards the most suitable set of energy 
efficiency scenarios. This more limited range of scenarios will then be assessed in terms of their 
energy performance (against the benchmarks produced during the earlier stages), and their life 
cycle costs. Costs will be assessed on a more detailed component by component basis rather 
than indicative m^  costs used during the earlier stages, in response to the requirements of the 
design teams. The same cost/environment model is proposed throughout the design process as 
the model can deal with data of varying magnitudes of detail.
Conclusions
The environmental performance of the construction industry has come under increasing 
scrutiny, particularly during the latter half of the 1990s. Despite the significant increase in 
interest and initiative in this area, by far the most significant environmental impacts of the 
industry, the energy demand of building products remains one of the most significant global 
environmental impacts of human activity. Energy performance of buildings is not a 
straightforward issue, and depends on the close integration of client, designer, contractor and 
operator in order for good performance to be achieved. Unfortunately the reality, at least in the 
UK is that many commercial buildings are commissioned by speculative developers with no 
interest into a buildings’ long term performance, or in features which will not directly improve the 
letting potential of the property.
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Reducing the energy consumption of buildings represents not only a significant environmental 
improvement, but is also very favourable over a medium-long term economic basis. Considering 
the likeiy rise in energy prices over the lives of new buildings, these economic benefits look set 
to become very significant indeed. It is a common misconception that low-energy design needs 
to be technologically advanced, expensive, and distinct in appearance. This research has 
demonstrated that simply by getting the basics right at building inception, very significant 
environmental and economic savings can be accrued. This can be taken further with specific 
strategies if the situation allows during the scheme design stage. The opportunities available 
during the scheme design stage are to be examined in a subsequent paper.
The procedure described in this paper, applied to the University of Hertfordshire project has 
demonstrated the value of examining basic building design variables during the outline design 
stages. Such features, typically the orientation and basic features of the building facade, are not 
typically highly capital intensive and will usually pay back the initial investment over short 
periods. The type of building under consideration will obviously affect this relationship, but the 
likely savings over typical practice are likely to be substantial. Implementation of these features 
in the building demands more than assessment tools however, it demands a procedure 
framework to manage the information flows and results of the assessment stages throughout 
the design process. This process is now a central design management procedure used within 
the organisation to take low energy solutions to the marketplace and to challenge both internal 
and external accepted practices.
The barriers to improving energy efficiency, are “not insurmountable...however there are factors 
that contribute to the problem which need to be considered when proposing solutions” (Scrase, 
2001, p57). It is currently not technical innovation that is restraining energy performance in 
buildings, but rather market conditions and other socially constructed factors. This procedure 
will aid in permeating these barriers through the production and availability of timely and useful 
design information for the benefit of all members of the delivery chain, and during periods where 
the most effective and economic design enhancements can be made. Most importantly the 
Energy Toolkit procedure is designed for use within existing design team structures, and within 
existing design timeframes, and is hence widely applicable.
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Since the design stages of this project the UK Building Regulations have been tightened in their 
recent April 2002 revision. The new standards however would still fall short of those proposed in 
the case study examined in this paper, and furthermore simply adhering to these regulations 
would mean bypassing many of the improvement options and cost effective strategies which 
presented themselves throughout the design process.
The PFl procurement route represents a stepping stone to demonstrate approach to the wider 
marketplace, as it represents only a small fraction of the buildings designed and constructed in 
the UK each year. The Government is yet to fully realise the scale of opportunity available 
through PFl to showcase good design and procurement practice. Ultimately the Energy Toolkit 
approach must be acceptable for dealing with refurbishment projects that contribute towards 
prolonging the life of the existing building stock, should acceptable levels of efficiency be 
achievable. The aim of this procedure is not to produce “showcase green buildings”; it is aiming 
to be applicable and useful in the design of all buildings, regardless of the procurement route 
and ultimately to include existing buildings. The overall aim is to exert significant environmental 
influence by embracing a potentially large number of buildings rather than seeking absolute 
optimal performance in a limited few. The process is currently active within a major UK building 
contractor.
Promoting energy efficiency in buildings represents a highly cost effective means of 
substantially reducing national greenhouse gas emissions, even in the current economic 
climate. The example of a university residence development cited in this research demonstrated 
that with as little as £150,000 additional capital, approximately 44,000 tonnes of CO2 could be 
negated over a 25 year period (against Government good practice), yielding energy cost 
savings in the order of £3 million (at current rates). We can expect energy costs experienced by 
consumers in the future to reflect more fully the true environmental and social costs of 
consumption, and under this regime, the figures will be even more convincing. In anticipating a 
future economic climate such as this, it is unfortunate that the majority of buildings, with 
potentially long lives are being constructed with scant regard for these implications. The 
environment/cost model proposed in this paper highlights the effects of a number of future
19
energy price scenarios on whole life economic performance, and the likely benefits of 
alternative low energy solutions.
Perhaps the most sought evidence surrounding low energy, passive building design is that of 
the satisfaction of building users. Research is beginning to demonstrate that low energy work 
and living spaces are more fulfilling and productive places in which to be (Hawken et. ai. 1999). 
This aspect of building performance is invaluable, and although it cannot be delivered through 
iow energy building design alone, it does form part of a more rigorous and analytical approach 
to the design of the built environment. Although life cycle costs of buildings are more significant 
than capital costs, staff costs and salaries are more significant than both of them. The 
procedure described in this paper is one of a number of alternative approaches to challenging 
the design process to deliver environmentally superior buildings. The Energy Toolkit process 
uses current proven industry techniques in a unique new framework, delivering decision support 
data to those key influential stages of the design process where there is currently a shortage of 
project specific guidance. The ultimate goal that the Energy Toolkit, and other approaches must 
contribute to, is the evolution of a new principal design driver, focussing on long-term value 
rather than short-term capital dominated costs, a potential win-win-win scenario for building 
owners, users, and the environment.
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Figure 2: The three factors determining building energy performance (Adapted from Baker et. al. 1998)
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Figure 3; Energy Toolkit procedure map. Key stages in PFl contracts are also shown.
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Figure 4: Energy efficiency scenarios to be considered during the scheme design stage.
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Energy Efficiency Strategy: Daylighting
Building Systems affected by this strategy: Energy Costs, Electrical Installation Costs, Glazing Ratio and Window 
type, Solar Shading
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Glazing Costs
Reduced Energy Costs 
Reduced Electrical 
Installation Costs 
Increased Glazing Costs 
Additional Cost of Solar 
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Figure 5: Diagram demonstrating the consideration of Low Energy Systems as a combination of both 
additional and avoided costs.
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Figure 6: Screenshot demonstrating the input parameters for the VTEC environment/cost model.
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Figure 7; Energy Consumption of University Residential Buildings
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Figure 8: Assumed U-values for proposed “Minimum Standards” and “Low Energy” design.
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Figure 9: Comparison of benchmarks with proposed architectural designs.
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Figure 10: Total Energy Consumption for Herts L block and same block rotated 180'
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Figure 11: Costing the design recommendations: Indicative cost implications
Financial Implications in Achieving 2004 Part L Insulation to Walls/Floor/Roof
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Figure 12: The discounted payback period in increasing insulation standards to meet proposed 2004 UK 
Building Regulations (For an individual University of Herts L Block residence housing 80 students)
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INTRODUCTION
A wide range of environmental impacts occur 
over the life cycles of buildings as a function 
of component production, their construction, 
use and eventual demolition. O f all these 
impacts, it is usually the energy consumed 
during the building’s operative life which has 
the most profound environmental burden.
The energy performance of UK buildings lags 
behind much of Europe, and almost 50% of 
the UK’s energy consumption and CO2 
emissions can be attributed to the operation of 
the built environment (see figure 1 below).
□ Construction 
Materials
D Construction 
Process
□ Buildings in Use
□ Transport
□ Other
Figure 1: Energy use in the UK by sector 
(adapted from Parrot, 1998)
Across Europe the total area of the built 
environment, is increasing, forming an upward 
trend in energy consumption within the sector. 
Rather more concemingly, the consumption 
per unit area is also increasing, and in the UK 
the combination of these two factors has led to 
a 250% increase in building energy 
consumption since 1980 (EIBI, 2000)
There is some evidence to suggest that it is 
market conditions which are hampering the 
drive towards more efficient buildings. The 
UK Construction Confederation describes this 
as a “vicious circle of blame” in which all 
parties within the building delivery chain 
(designer, contractor, developer, financier, and 
occupier) blame other members for poor
environmental performance. There is a 
common misconception within the 
marketplace that low energy, environmentally 
sound design is expensive. However, there is 
an accumulating body of evidence to suggest 
that low energy design can reduce both 
capital and operative costs, and increase 
occupant satisfaction.
Attempts to increase the energy efficiency in 
buildings including the review of the Part L 
of the UK Building Regulations is projected 
to have a positive, but relatively small effect 
on overall energy efficiency, despite the fact 
that both new and current buildings are 
targeted.
Significant energy efficiency gains will only 
be possible though a fundamental shift in the 
way operative and energy performance is 
viewed throughout the procurement and 
design process. This may be realised through 
a relatively new UK government procurement 
route known as the Private Finance Initiative 
(PFl). PFl encapsulates not only the design 
and construction of buildings, but also a 
period of operation, in the order of 25 years.
Whilst PFl may represent an appropriate 
route to demonstrate the long term approach 
to the design and procurement of buildings, 
there exists a need for a new procedure to 
manage energy related aspects of the design, 
to demonstrate the environmental benefits of 
particular strategies, and illustrate the 
financial implications.
PROCEDURES TO IMPROVE 
BUILDING ENERGY EFFICIENCY
Energy performance is not currently an 
intrinsic part of the building design process. 
As operative energy performance contributes 
as much as 90% of the total life cycle 
environmental impact of a building over a 60
year life (Smith, 1997), this component clearly 
demands serions and urgent attention.
Building energy performance is a function of 
three interrelated factors, demonstrated by 
figure 2 below.
Building Energy 
Performance
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Choice of HVAC, Natural 
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Characteristics of 
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Atria Dimensions.
Building Design Services Design Occupant Behaviour
Figure 2: Components of Building Energy 
Efficiency (adapted from Baker 1998)
The finite period over which these factors can 
be influenced, means that consideration of 
energy performance needs to begin at the 
earliest stages of the design process, and in 
particular during the inception, concept and 
outline design stages. The procedure which 
facilitates this is illustrated in figure 3 and in 
the following discussion.
Basic building parameters such as plan, 
configuration, location and orientation, are 
some of the first areas of the design to be 
established, and are essentially permanent 
features over the operative life of the 
building. The central requirement during 
these outline design stages is a 
comparative assessment of the 
predicted energy performance of a 
number of solutions to the brief. This 
information, although clearly only 
one of the many factors influencing 
the design at this stage, is an 
important environmental
performance indicator. The effect of 
these parameters on overall energy 
performance is being assessed using the LT 
method (Baker, 1998).
In later stages of the design process, when 
more detailed information about the building 
parameters becomes available, a more 
predictive, and absolute assessment of energy 
performance is required. At this stage a 
number of energy efficiency scenarios are 
applied to the building design in strategies for 
reducing lighting, heating and cooling loads.
Energy
itescssments
-  Use LT M eth o d  to  assess basic energy 
perform ance o f design options.
-  Advise on basis o f  this w h ich  design 
should be selected fro m  an energy 
perform ance perspective.
- A ppiy predeterm ined  set o f Low  Energy 
Strategies to  selected design.
- Rank measures according to  im pact on  
energy consum ption  using Energy 10  
(or sim ilar evaluated ) m ethodology.
- C om pare to  reference case (i.e . Building 
Regulations) to  determ ine %  saving
- C onfirm  Selected Scenarios w o rk  to gether.
■ Perform  final Energy Analysis and Present 
P erform ance S tatem ent, and po tential overall 
energy savings.
Procedure
Costing
Assessments
- Establish design brief
- Prioritise Low  Energy Strategies
- Perform 'Build ing Design' 
energy assessment
- D etail po tential environm ental 
benefits
■ Selection o f outline design based on  
design criteria
-  D efine Design Param eters w ith  
respect to  D esign-to -C ost Procedures
■ C rea te  reference and low  energy cases
- C alcu late po tential energy saving
- Perform  life-cycle cost calculations
- A pprove or reject strategies
- Consider Lite Cycle Cost o f each scenario using 
d efined m ethodo logy.
- C o m p are environm ental Perform ance w ith  
econom ic perform ance.
- Divide options in to  those w h ich  are autom atically  
recom m ended  (user-defined m axim um  payback 
period) fo r selection, those w hich  require further  
research (Ecological Investm ents), and  those  
w hich are not recom m ended.
• C on firm  perform ance goals have been m et. 
- C onduct final validation analysis ffPS).
- A dd  Energy Efficiency Scenarios to  overall 
Cost Plan.
-  C on firm  savings a re  realistic,
-  C onfirm  th e  to ta l cost savings w hen  all th e  
favourab le  scenarios are considered toge the r.
-  Prepare Life Cycle Cost Perform ance Status
Figure 3: The overall energy efficiency assessment procedure detailing the design stages and the 
energy and costing assessments which inform the decision process.
These scenarios are selected according to their 
general suitability to work with the 
characteristics of the building (size, occupancy 
patterns etc.), and guidance is given through a 
decision tree.
The selected scenarios are assessed as to their 
effect on whole-building energy performance. 
A comparison is made against a reference 
scenario which is based on either building 
regulations, or accepted standard practice. The 
performance of both the reference, and low 
energy options is assessed using the software 
tool Energy 10 (SBIC, 1999).
The decision to either reject or accept each 
strategy is made through an 
environmental/cost model illustrating the 
relative performance o f the low energy and 
reference cases, which are essentially two 
alternative systems providing the same service. 
This model details the environmental impacts 
arising from the energy consumption o f each 
option, and also the capital and operating costs 
of the components upon which the two 
systems depend. The period over which these 
factors are modelled is usually in line with the 
contract period, as defined by the PFl contract, 
but can be adjusted to reflect other situations.
The life cycle costs o f the two options are 
considered as a function of their capital, 
energy, maintenance and replacement costs. A 
financial comparison is made through a 
discounted cash flow methodology, which 
reflects the fact that there is a time-value to 
money, and offers an objective means of 
comparing alternative systems, where life­
cycle expenditure occurs over different 
timescales.
The building components included in the life 
cycle cost assessment are all those which are 
affected by the decision to select a particular 
energy efficiency scenario. For example when 
considering the optimal levels of insulation for 
the building, it is not sufficient to consider 
simply the costs o f insulative material. 
Additional supportwork may be required, and 
increased insulation may reduce plant 
requirements. Hence a low energy option
should be considered as a combination of 
both additional and avoided costs.
CONCLUSIONS
Energy performance of buildings is a vital 
link in achieving a more environmentally 
sustainable built environment. It remains the 
largest environmental challenge facing the 
industry. The sector, contributing such a large 
component o f national energy use and CO2 
emissions, must be looked upon to deliver 
equally significant reductions. The 60% 
reduction in CO2 emissions, put forward by 
the IPCC (Houghton et. al. 1990) as the level 
o f reduction required to stabilise climate 
change, suggests that future improvements in 
energy performance will need to be dramatic.
The procedure recognises the potential 
environmental and economic benefits of low 
energy building design. It offers a level of 
control and influence during the crucial 
stages o f the building design process where 
significant components of both 
environmental and economic performance are 
determined.
REFERENCES
1. Baker, N. V and Steemers, K. (1998) The 
LT Method 2.0 Cambridge:CAR
2. EIBI (2000) Commercial offices energy 
consumption leaps ahead Energy In 
Buildings and Industry Feb 2000, p4
3. Houghton, J. T., Jenkins, G. J. and 
Ephraums, J. J (eds.) (1990) Climate 
Change: The IPCC Scientific Assessment 
WMOAJNEP CambridgeiUniversity 
Press
4. Parrott, L (1998)/fw environmental 
perspective on UK construction materials 
CIB World Building Conference 
Proceedings, Gavie Sweden 1998
5. SBIC (1999) Designing low energy 
buildings: passive solar strategies and 
Energy 10 (vl.3) Software Sustainable 
Buildings Industry CouncihWashington
6. Smith, M. Whitelegg, J and Williams, N. 
(1997) Life Cycle Analysis o f  Housing, 
Housing Studies 12 pp215-229
EngD in  Environmental Technology
Conference 1998 - Embracing the L ife  Cycle: The Challenge fo r the Construction Industry
EMBRACING THE LIFE CYCLE: THE CHALLENGE FOR THE 
CONSTRUCTION INDUSTRY
Andrew Horsley^^*^^ Barry Quatermass^^\ Chris France^^^
1. Centre for Environmental Strategy, University of Surrey, Guildford, Surrey, GU2 5XH.
2. Tarmac Special Projects, Construction House, Birch St, Wolverhampton, W Vl 4HY.
Abstract
The construction industry has been slow to respond to the mounting importance 
of environmental issues compared to most industrial sectors. There appears to 
be little widespread impetus for the industry to move towards environmental 
responsibility until legislation or competitive market forces necessitate a move 
in that direction. However, as pressure is slowly being exerted on the 
construction industry, environmental issues are beginning to influence both 
short and long term strategy.
Public perception o f the industry is changing, for example Paul Deluce, a 
representative of the environmental pressure group Earth First, quoted in a 
recent issue of Building Journal (News, 29* May 1998) suggested that the 
construction industry is “bulldozing the countryside into oblivion”. Perhaps the 
attention has shifted somewhat from the high profile polluters who dominated 
the headlines in the eighties.
Construction has some of the most spatially and temporally widespread 
environmental impacts of any industry. For example figures quoted by the 
Institute of Civil Engineers suggests that construction and its associated 
activities produce 70 million tonnes o f waste each year in the UK (ICE, 1995), 
whilst the completed buildings will account for 46% o f the UK energy demand.
Environmental Management in construction tends to concentrate on the “build” 
phase, life-cycle issues are not generally investigated, yet this mode o f thinking 
presents some significant benefits. Private Finance construction projects are a 
relatively new way of procuring in the UK, in which the company is 
responsible not only for design and build functions, but also elements o f the 
management and operation o f the structure for periods in the order o f 20 years. 
This exposes the industry to risk over a much longer time period. These 
contracts have the potential to demonstrate the way in which environmental 
considerations can be incorporated into construction projects.
This paper will discuss some o f the challenges facing the industry, and some o f 
the opportunities presented by this new approach.
Key Words: Environmental Management, Life-Cycle Management, Life Cycle 
Assessment, Sustainable Construction, PFl.
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1. Introduction
Despite being essential for human life, the construction industry has widespread and 
profound environmental impact. It constitutes a major economic sector (8% of GDP), 
and is a major employer (1.4 million people) (Howard and Edwards, p2 1998). 
Environmental issues surrounding construction have, for the most part, been out o f 
the public eye, whist high profile polluters, for example the petrochemicals industry, 
have home the brunt o f the environmentalists ire. It was not until some o f the major 
road projects during the early and mid nineties, such as Twyford Down, amidst an 
outburst of public concern that the industry began to take environmental issues 
seriously. However, approaching the millennium, the industry finds itself a long way 
behind both in terms o f its reporting and regulatory procedures and the efficiency of 
its processes, for example around 10% of material delivered onto the average 
construction site will add no value to the finished product. (ICE, 1995).
The environmental impacts of construction operate on a number of spatial and 
temporal scales. During the “build” phase the environmental impacts are essentially 
local and of low magnitude. Although the operational inefficiencies o f the industry 
do necessitate close attention there is a widespread lack o f appreciation that when the 
construction materials are delivered on site, a huge environmental impact has already 
taken place, a combination of extraction, processing and transport which operates on 
a much wider spatial scale. Similarly the use phase o f a building has far reaching 
impacts, most notably from energy consumption where the built environment is the 
most significant consumer in the UK and other developed countries (Edwards, Harris 
and Holt 1996, p i 00).
Life-cycle issues are rapidly approaching the forefront of contemporary 
environmental debate and have promising applications within construction. Currently 
environmental accounting within the industry is considering only a fraction o f the life 
cycle “cradle to grave” impacts, but this is commonly due to the nature of contracts 
rather than to negligence. In a traditional “build only” contract the flexibility allowed 
in location and specification is practically nil. It is at the design and specification 
stage where these impacts can be addressed. On public sector construction projects 
however, a new method of tendering heralded by the Governments’ Private Finance
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Initiative (PFl) in which a construction consortia are responsible for designing, 
building and then operating a structure over a fixed time period, affords a greater 
level o f design flexibility. Although this does not expose the industry to the complete 
life cycle o f a building (the notable omission being the demolition phase), it does 
bring them into contact with an extended design aspect and a unique relationship 
between the contractor and the client.
2. Government Influences
The Government have a wide range o f potential influences upon industry and can 
apply pressure and control through a range of measures. One o f the more direct 
influences is that of legislation. The introduction o f the UK Landfill Tax in 1996 has 
caused many industries to reassess their waste management systems and procedures. 
This is especially true for construction, as the legislation was conceived with the 
construction industry primarily in mind. As from October 1996 all waste deposited in 
landfill sites has been subject to a tax collected by HM Customs and Excise. The tax 
is based on the weight o f the waste to be deposited, thus applying a “polluter pays” 
principle. The legislation aims to “promote a more sustainable approach to waste 
management by providing an incentive to dispose o f less waste to landfill and to 
recover more value from waste, e.g: through recycling etc” (NCSA, 1997, p228).
As one o f the primary contributors to landfill, the construction industry has been one 
of the main targets of this piece of legislation. According to Friends of the Earth 
(Building Journal, 1998a) however, the legislation has generally failed to impact 
greatly the amount o f waste the industry produces. The Landfill Tax accounts for 
only 0.08% (on average) of builders’ total costs (ibid), which is not a powerful 
enough incentive to drive waste minimisation and recycling incentives. Friends o f the 
Earth have stated that the “construction cowboy element has responded to the levy by 
increasing fly-tipping and increasing waste at civic amenities sites” (Building 
Journal, 1998a). Other construction companies have legally stepped up their non- 
taxable dumping methods which were de-regulated in the 1994 Waste Management 
Licensing Regulations, such as the landscaping of housing estates (ibid).
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Although tighter legislation is expected in due course, the environmental initiatives 
within construction are not currently legislation driven. Future legislation such as the 
proposed UK Quarry Tax will affect the price o f primary raw materials and 
aggregates, and again the level of impact will depend very much upon the level of 
taxation.
3. The Private Finance Initiative
Launched in 1992 by the then Chancellor o f the Exchequer: Norman Lamont, the 
Private Finance Initiative (PFl), was set against a backdrop of widespread 
privatisation during the 1980s, in which many state owned and operated institutions 
were sold off to the public sector in a drive to “free up the economy, allowing 
competitive market forces to dictate and reduce public sector inefficiencies and 
overspending” (Owen & Mema 1997, p i 63). The essence o f PFl is to provide 
funding for the capital projects and operate a facility to provide a public service. In 
certain sectors, such as healthcare, PFl has been the answer to previously critical 
NHS problems. It may also prove to be a blessing in disguise for the construction 
industry who have been placed through an evolutionary trail, learning about aspects 
of their business once concealed in traditionalism. This is not to say however that PFl 
has been without problems. There appears to be widespread frustration about the 
numbers of projects which have reached financial close, which has been fewer than 
initially anticipated. Although industry spectators suggest that “the construction 
depression is the only reason why current PFl operators are in the market” (Tolford,
1996), only time will tell whether this costly form o f bidding will survive in a 
stronger climate.
PFl brings the construction industry into contact with risk over a greater segment o f 
the life cycle of a building. This greater exposure to risk is somewhat compensated 
by greater flexibility in design options that PFl work allows. The environmental 
impacts of construction are invariably made at the sketch design stage, as the form 
and function of the building generally determine the material specifications.
4. Life Cycle Assessment and Construction
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Life Cycle Assessment, as a method o f assessing the total "cradle to grave" 
environmental impacts of a product or service, is rapidly gaining credibility and 
cohesion in industry. The construction industry have, at least in the UK, failed to gain 
widespread appreciation of this important management tool. The appreciation o f life 
cycle thinking within the industry is beginning to increase, partly due to the 
increasing environmental pressures placed upon the construction industry, and partly 
due to the nature o f the construction projects themselves.
Building materials, derived from primary resources, produce a number of 
environmental impacts as a product o f their extraction and manufacture. The ways in 
which these materials are used also has a number of direct and indirect environmental 
impacts. In a recent North American survey of architects and engineers 68% thought 
that environmental considerations were important when specifying structural 
materials. It is not made clear however what priority these considerations were 
afforded (Kozak et. al., 1996).
“Business researchers have developed many sophisticated methods to measure 
productivity, to quantify profits and to gauge increased quality and performance” 
(CWC, 1998). Life cycle assessment is rapidly emerging as the preferred business 
tool for analysing environmental performance o f products and services (Smith et. al, 
p60 1998). The construction industry procures many products which have already 
been subjected to LCA studies, which in some respects eases the process o f gathering 
and collating data. However until internationally accepted LCA standards and 
protocols have been adopted by the professional bodies such as the ISO, there is wide 
scope potential for the misuse o f LCA. Those who must make informed choices 
based on the results o f life cycle analyses, usually consumers (which in this case is a 
secondary industry), face a minefield, often involving irreconcilable environmental 
trade-offs.
Life cycle assessment in the construction industry is still very much in its infancy. As 
to how this situation will develop, there are a wide range o f opinions and viewpoints 
ranging from “LCA will provide a valuable tool in helping towards the goal of 
achieving sustainable construction” (Howard and Edwards, 1998, p23) to “It is not
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possible to make a complete breakdown of the total environmental impacts o f 
building work... LCA studies are unlikely to become a widespread tool in the 
complex reality o f building and construction projects” (Pilvang, 1998, p i 14) . What 
is missing however, are case studies to substantiate these disparate claims. Indeed 
construction, with its complexity of resource streams, energy and waste flows, is an 
application fraught with potential problems. LCA can easily be misused in this 
situation, the environmental impact of individual building components is diverse and 
suppliers are keen to emphasise the best attributes o f their materials which are often 
difficult to compare. It is therefore imperative that construction companies use a 
consistent package of criteria against which environmental performance can be 
judged.
As a consequence of growing pollution and global warming problems, allied to ever 
tightening legislation, the building sector is challenged with finding more sustainable 
approaches for ftiture construction and management o f building structures. Despite a 
number of schemes and initiatives to reduce wastage and energy consumption, it is 
only through a life cycle framework that a better understanding o f the environmental 
consequences of a building project will become apparent. The life cycle of a building 
structure consists of a number of phases: (see fig 1). In each o f these phases energy is 
consumed, and emissions to air, water and land take place. The service life o f the 
product is particularly long compared to other subjects o f LCA and there are 
considerable uncertainties throughout this life-span which add complications.
The current wave of environmental concern spreading around the construction 
industry focuses on minimising the environmental impacts o f the construction phase. 
The upstream and downstream effects o f this phase are rarely considered. Once a 
building has been handed over to the client it will continue to impose an 
environmental burden, both active and passive. It will need heating, lighting, 
decoration, repair and maintenance. Ultimately it will be demolished, this is where a 
building can have a further significant environmental impact unless the design 
incorporates end-of life considerations.
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The adoption o f LCA methodologies requires a culture shift not only within the 
construction industry, but also within the clientele who must look upon increased 
capital costs with a similar life cycle viewpoint. Before the client is likely to be 
receptive to higher capital costs it must be proven that there are benefits, for example 
lower maintenance costs and reduced environmental burden.
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Figure 1: The generalised life-cycle of a building (Adapted from Friedman and Cammalleri, 1995, 
pi 60).
The selection of building materials based on a life cycle assessment often involves a 
compromise of properties: "what may appear to be an environmentally sound product 
in one respect may exhibit compromising qualities in another" (Friedman and 
Cammalleri, 1995, p i 62). For example, aluminium in one respect releases no 
harmful emissions and is a durable and recyclable building material, however the 
process of raw material extraction and manufacture is extremely energy intensive. 
Alternatively high formaldehyde emissions from particle board products can 
seriously degrade indoor air quality, and it is very difficult to recover for recycling. 
However, in the manufacturing phase particle board is environmentally efficient 
since it is made almost entirely of wood scraps and sawdust, curbing the extraction of 
further raw materials (examples taken from Friedman and Cammalleri, 1995, p i62).
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The goal in the selection of environmentally sound construction materials is to 
maximise the use of recycled materials where these are appropriate and to ensure that 
mining and other processes of raw material extraction do not pose a threat to the 
diminishing resource base. The amount o f energy which goes into the product at each 
phase of its life cycle, known as its “embodied energy”, should ideally be minimised 
from extraction to disposal.
The impact of the built environment on our internal and external environment is 
considerable. Construction accounts for a vast proportion o f global CO2 emissions, 
and buildings consume 46% of the total UK energy demand, more than both 
industrial and transport sectors, and are accountable for 48% of UK carbon dioxide 
emissions (Edwards, Harris and Holt 1996, p i00). In terms o f its environmental 
impacts the construction industry is similar to an assembly industry and does not emit 
large quantities of CO2 by its direct activities. "Rather the sector assembles 
components from the manufacturing industry that have already done so" (Edwards, 
Harris and Holt 1996, p i 01). This poses a problem of responsibility: should the 
construction industry be accountable for emissions from producing the primary 
components? A life cycle viewpoint puts this responsibility with the contractor and 
client since they have the power to select materials based on such environmental 
credentials.
5. The Way Forward
The UK Government have recently issued their consultation paper on “strategies for 
sustainable construction” which follows a string of Government documents on 
sustainable development. The turnover o f our urban fabric is very slow, so even 
when we are ready to embrace a more sustainable culture, our urban form will evolve 
only very slowly to reflect these changes. The current nature of our economy dictates 
the fact that we “cannot afford to take care o f things, labour is expensive, time is 
expensive, money is expensive, but materials - the stuff of creation are so cheap that 
we cannot afford to take care of them” (Berry, 1995). In a recent letter to Tarmac 
PEG, the Government is clearly expecting the major contractors to lead the way 
towards more environmentally responsible construction. Tarmac were the first
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construction company to publicise environmental targets and monitor progress 
towards them (Tarmac PTC, 1998).
6. Summary
The construction industry is clearly at a crossroads, for many years out of the 
environmentalists gaze, but now seen by some as the key to our future aspiration for 
a more sustainable society. In this transitional period the industry needs to embrace a 
culture change on a scale not seen in recent times if  it is to meet these challenges and 
responsibilities. The industry has been slow on the uptake o f environmental 
accountability, but it is now beginning to taken seriously at all levels.
Whilst it is clear that industry is now making strides towards more environmentally 
responsible practice, real improvements in the environmental impact of the structures 
themselves depends upon the enlightenment o f the clients. The well publicised and 
much anticipated Egan report on the future o f the UK construction industry calls for a 
closer relationship between clients and contractors, the end of competitive tendering 
and the delivery o f added value to the customer rather than reduced capital cost. It is 
clear that the role o f the contractor in construction projects is evolving towards one 
of project stewardship in which they must be responsible for heightening client 
awareness of issues, o f which the environment is just one such example.
Life-cycle issues are particularly pertinent to an industry which alters so vastly our 
physical and social environment for long periods o f time, and one in which both 
significant environmental impacts and significant opportunities for environmental 
improvement exist. Private Finance Projects, many of which are the contractors 
“flagship projects”, present an ideal forum in which the industry can demonstrate 
their willingness to tackle these issues.
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Abstract
Responsible for half the UK CO2 emissions, the total environmental impact of 
buildings forms one of the largest environmental impacts o f contemporary society. 
With this in mind, the Kyoto protocols can be expected to have a significant impact 
on the construction industry over the next 10 years.
Despite having pledged some o f the most stringent CO2  reduction targets, the UK 
lags way behind the rest of Europe in its acceptance o f environmentally oriented 
construction design. Considering that by 2010, the area o f the built environment will 
increase by 3%, and only 10% o f the current building stock replaced, the onus on the 
buildings constructed in this period will be severe.
The UK Government have not yet fully exploited a huge opportunity to bring the 
environment to the forefront o f the industry, through their initiatives surrounding the 
Egan Report, “Rethinking Construction”, and the construction supplement of 
“Opportunities for Change” outlining a national strategy for sustainable development.
A client can acquire a building through a number o f procurement routes. Capital cost 
is a major consideration for clients, who rarely consider costs in-use. Acceptance of 
the basic principles of life-cycle costing is fundamental to the acceptance of 
environmentally oriented construction design. A major opportunity to demonstrate 
this lies with Government PFI projects in which a contracting consortia design, 
construct and operate a building over a period in the order o f 25 years.
Research into the technical aspects of energy efficient design is well developed. It 
must now be focussed on turning the extensive body o f knowledge into a convincing 
case, only then will energy efficient design become the norm, rather than the preserve 
of the “best practice seminar”.
Key Words: Construction, Sustainable Construction, Energy Efficiency, Life Cycle 
Costing, Private Finance Initiative (PFI)
1. Introduction: Environment and Construction
Minimising environmental impact is one of the largest challenges facing the 
construction industry, for a long time outside the global environmental debate, the 
industry is now seen as one o f the key elements o f more environmentally sustainable 
society (Curwell and Cooper, 1998). The environmental impact of buildings are 
apparent at all stages in their life cycle, from the quarry face, through the brickworks 
and construction site to their eventual demolition. The visibility o f these activities 
has a bearing on their perceived environmental impact, it is however the invisible 
aspects o f the built environment which carry the greatest environmental burden: “in- 
use energy” (Parrott, 1998) (Smith, 1998) (Eaton and Amato 1998).
When it is considered that buildings are responsible for nearly 50% of the UK’s 
energy consumption (Parrott, 1998), it becomes clear that not only is this one o f the 
most significant environmental impacts of contemporary society, but also a 
significant risk to operators of buildings who will face significantly higher fuel prices 
in the future as Government’s attempt to curb profligate energy use. As a finite 
resource, energy prices over the life cycles o f buildings will inevitably show an 
upward trend.
The current building stock in the UK is amongst the most energy inefficient in 
Europe, lagging behind even some former Eastern Bloc countries (Van Hal and 
Dulski, 1998, p i 08) (Porritt, 1999, p i 9), and the uptake o f environmental initiatives 
in construction design has generally been low. Over the next 10 years, it is estimated 
that only 10% of this inefficient building stock will be replaced, whilst during this 
period the actual area o f the built environment will increase by 3% hence exerting a 
significant responsibility upon new building designers to bear the burden o f the old 
whilst designing the new (Slavid, 1998, p46).
Environmental initiatives within the construction arena have largely concentrated on 
the environmental impacts of the materials or construction phases of the life cycle. 
Whilst this is undoubtedly important, by far the greatest environmental gains can be 
made from encouraging greater in-use efficiency. Whilst the concept o f energy 
efficient building is not new, the uptake of such initiatives has been low (Monaghan 
and Hobbs, 1995, p29). The costs o f environmental pollution arising firom energy 
generation is not internalised within the construction phase, and is currently 
overlooked. Making the case for energy efficient buildings has not been helped by the 
artificially depressed energy prices, a major factor being the deregulation of energy 
supply which has in recent years has caused energy prices to plummet.
This paper will examine some of the issues working behind the specification and 
performance o f buildings, their current environmental impact, and the opportunities 
for making significant improvements.
2. Construction and the Constructed: The Environmental Impact of the Built 
Environment
Environmental improvement within the construction industry has largely 
concentrated on the direct impacts of their activities. There is evidence that this 
influence is beginning to be felt further up the supply chain in terms of materials 
suppliers and subcontractors (Tarmac, 1999), but there has been little progress in 
influencing the client or end user, on the environmental performance of their 
buildings in-use. Table 1 on the next page shows the contribution of the built 
environment to national energy consumption and CO2 emissions, demonstrating that 
the relative significance of the construction and materials phases is minimal 
compared to environmental impacts in-use.
The significance of the transport sector in national environmental burdens is not 
surprising considering fuel usage for passenger and freight transport has increased by 
50% in the last 20 years (DETR, 1996). Considering construction design can 
significantly influence transport emissions as well as those arising from the
construction and operation of building stock, suggests that the real impact of the built 
environment is considerable.
indicator UK Totals Construetion
Materials
Construction
Process
Buildings in
Use
Transport Other
Sources
Final Energy PJ 6283 386 54 2791 1676 1376
% (100) (6,1) (0.9) (44.4) (26.7) (21.9)
C. Dioxide Mt 548 37 4 226 145 136
% (100) (6 8) (0,8) (4E2) (26.4) CW8)
Table 1: Construction related contributions to national energy consumption and CO2 
emissions in the UK. (Adapted from Parrot 1998, p4)
Examining environmental impaet o f the construetion cycle in more detail proves no 
less illuminating. Studies by Smith et. al. (1997) suggest that in the whole life of a 
house, one single element is responsible for over 80% of the environmental impaet: 
energy for space heating (see Figure 1).
0.50% O Construction and 
M ajor Repairs
□  Transport of 
Materials
□  Energy for Space 
Heating
■  Disposal
Figure 1: Relative life cycle environmental impacts of a single unit dwelling. (Smith,
1997)
Studies of similar detail in office and commereial buildings are few, however a 
detailed life eycle study of steel and eonerete framed offiee buildings by the Steel 
Construction Institute in 1998 suggests that the findings of Smith’s 1997 study may 
also hold true for office buildings, by concluding that “It is immediately apparent 
that...embodied energy and CO2 are completely insignificant when viewed in eontext 
of their scale relative to the total life cycle values.” (Eaton & Amato, 1998, p29)
This view is challenged by Connaughton (1990), who suggests that with inereasingly 
shorter major refurbishment cycles, the importance of the embodied energy of 
eonstruction materials increases. This argument, whilst possibly valid for sectors 
such as retail, is not applicable to most other eommercial buildings.
Considering the significance of the environmental burdens of building operation, and 
the fact that “a typical office building will consume about 3 times its initial capital 
cost over a 25 year period” (Cook, 1997, p82), one might expect this to be an issue 
taken seriously when specifying a new building. This situation depends upon the
route by which the building is procured. Property developers looking to sell the 
building on for example, or rent the space present the following argument:
“Current legislation puts little emphasis on producing a building which is either 
energy efficient or which reduces its negative impact on the environment. 
Incorporating energy efficient practices can only be given priority if  they either 
increase letting potential or reduce capital cost. If neither of these apply, there 
is no incentive for the developer to produce an energy efficient building as it 
will neither improve the relationship with the customer, nor directly increase 
profits” (Monaghan and Hobbs 1995, p29)
This supports the notion that clients are principally driven by capital costs, and see 
energy saving measures only in the context o f their short term benefit.
3. Egan and The Environment: A missed opportunity?
In July 1998, Sir John Egan, chair o f the Government’s “Construction Taskforce”, 
and John Prescott, the deputy prime minister released the much anticipated report 
“Rethinking Construction”. Essentially the report outlines improvement targets for 
the construction industry, and promotes ways of improving process efficiency and 
project relationships in order to meet and exceed them (Egan, 1998).
As a practically focussed report embracing all aspects of the industry: contractors, 
clients and designers, the Egan report would have been an ideal opportunity in which 
to instil a holistic environmental awareness throughout the industry. The launch o f 
the Egan report coincided with the launch of the construction chapters o f the UK’s 
strategy for sustainable development “Opportunities for Change” (DETR, 1998b). 
This was an unfortunately timed release, since Egan did not explicitly mention any 
aspects o f the environment in his vision o f “Rethinking Construction”. Many of the 
Egan targets and principles will however deliver an environmental benefit, in 
particular reducing the reliance on competitive “least capital cost” tendering (Barrie, 
1998, p i2), driving out waste, proposing demonstration projects to showcase 
innovative approaches to construction, and developing long term relationships with 
clients. The construction chapters o f “Opportunities for Change” fail to address the 
fimdamental structural and attitudinal barriers not just within the contracting 
organisations but through all aspects of the construction cycle. Linking these two 
rather disparate angles is seen as the key remit o f this EngD research, in recognising 
the realities o f the current construction climate in development of more 
environmentally benign buildings.
Whilst the Government has clearly shown some commitment to its environmental 
policies and initiatives, it must now seize the opportunity to encourage greater 
consideration o f environmental issues within construction. A promising angle offered 
by the government as a result o f the Egan debate, is in its promise to become a “best 
practice” construction client. The Government’s PFI (Private Finance Initiative) 
presents a significant opportunity to demonstrate the benefits of taking a life-cycle 
approach to building procurement. Alan Milbum, chief secretary to the treasury 
recognises that the Government, as a construction client is in a powerful position to 
drive forward change throughout the industry. (DETR, 1999, p4)
“Movement for innovation’XM^ I^) is the non-institutional body created as a result o f 
the Egan report, and is charged with driving the cultural realignment deemed 
necessary to facilitate change. Since the launch o f “Rethinking Construction”, M^ I^ 
has recognised the need to bring issues of environmental sustainability to the fore, as 
one of the major elements of business improvement in the construction industry. 
Members of the recently convened M"^ I focus group on Sustainable Construction, are 
overseeing the development of “sustainability indicators” for the industry, as means 
of targeting and measuring the environmental performance of construction projects. 
(Laing, 1999)
4. Construction: Approaching Holistic Thought
The impact o f the Egan report on the construction industry, and its clients will be 
difficult to measure, however reports in Building Journal (Cook, 09/07/99, p21) 
suggest that its impact has been patchy, both within sectors and across sectors (i.e.: 
Clients, Contractors, Designers/Architects). These sources suggest that the Egan 
report is expected to have the greatest impact on the industry’s largest client: the 
Government. Government is in a unique position, particularly with its Private 
Finance Initiative (PFI), to lead by example in the field o f building procurement. PFI 
is a recent procurement strategy in the UK, bringing the private sector’s financing 
ability, management skills and expertise into the provision o f public sector facilities 
and services, hence promoting significant risk transfer into the private sector. A 
characteristic o f PFI schemes is their direct emphasis on service provision, indeed 
one of the criterion of bid selection is the contractors ability to transform the client’s 
service aspirations into a suitable building design.
PFI schemes are unique in that not only is the contracting consortia exposed to risk 
over a much greater time period than more traditional methods of procurement, but 
also a single contracting consortium are responsible for all stages o f project 
development from, the concept design, to elements o f operation in the completed 
building (see Figure 2). PFI is ideally situated to demonstrate the benefits o f closer 
working relationships, and consideration of the building’s life cycle, in other routes 
of building procurement.
Under PFI, the public sector is expected to produce a business case (proposal) for the 
scheme, specifying the functional and performance output requirements; which is 
subsequently transformed into a service design by the private sector consortium. 
Because the PFI consortium “takes control o f the design, construction, operating, and 
financing of the scheme, there is opportunity to introduce innovation that will ensure 
sustainability of the service provision” (Akintoye, 1998) . It is clear that PFI offers 
unique opportunity and flexibility to assess and reconcile the environmental and 
economic aspects of the scheme.
Figure 2 also demonstrates a long recognised characteristic o f the construction 
industry in the more traditional routes of building procurement; the fact that the 
thought processes behind project inception, strategy, design, construction and 
operation are often considered and completed in isolation with little interaction 
between parties. These communication barriers have serious implications on the end 
product since no one party has a stake in its long term success.
This problem, re-highlighted by the Egan report as one of the more pressing 
problems facing the construction industry has been noted in UK Government 
construction industry reports as long ago as 1962, and yet the problem persists:
“In no other important industry is the responsibility for design so far removed 
from the responsibility for production” (Emmerson Report, 1962)
“We consider the most urgent problem that confronts the construction industry 
is the necessity of thinking and acting as a whole” (Banwell Report, 1964)
“The efficiency of project delivery is presently constrained by the largely 
separated processes through which they are generally planned, designed and 
constructed” (Egan Report, 1998)
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Figure 2: Four alternative building procurement routes. PFI demonstrates 
interconnected stages o f development within a single consortia, but also increases the 
time exposure to risk (Developed from Franks, 1998).
This fragmented approach to building procurement will clearly have a significant 
impact upon its environmental performance. Input from designers, contractors and 
clients is necessary to determine the design, efficiency, buildability and suitability o f 
any environmentally oriented proposals, particularly where they deviate from 
standard practice.
5. Making the Case for Energy Efficiency
Research into energy efficient design is well developed, designers and architects are 
well versed in the skills necessary to design a low energy building. Despite this “fully 
air conditioned, glass clad towers are still being erected from Australia to the Gulf, 
and the Arctic to Singapore” (Architectural Review, 1995, p4). The barriers to the 
acceptance o f energy efficient design can be summarised as 5 key factors:
• Short term business planning amongst clients: Planning is rarely in the order o f a 
building’s life.
• Financiers dislike of capital intensive projects, and encouragement of short term 
investments (Bunn, 1990).
• Fragmented thought and process in traditional routes of building procurement 
(Franks, 1998).
• Clients are often inexperienced at procuring buildings.
• Energy saving measures are considered in terms of their short term implications, 
and are perceived as prohibitively expensive.
The Government is reporting that “real progress is being made in the drive to 
improve energy efficiency in buildings” through the update of part L of the Building 
Regulations. Essentially the new regulations will require higher standards of fabric 
insulation for both solid construction elements and glazing, and new efficiency 
requirements for mechanical installations. The regulations will also require the 
introduction of air tightness tests, and require building performance to be made 
publicly available. The review of part L is still under consultation, but the actual 
effect of these new controls is expected to have minimal impact: the Government’s 
own estimates suggest that they will curb only 100,000 tonnes of carbon emissions 
per year, less than 0.3% of total emissions arising from buildings (DETR, 1998a). 
Real progress will depend upon clients of the construction industry approaching 
building procurement in a radically different manner, considering long term impacts 
and risks through the development and use o f tools to examine life cycle 
environmental impacts, and life cycle costs, including future maintenance, 
replacement and repair. This EngD research work recognises this fact, and in 
response is developing an analytical tool to examine the environmental benefit, and 
life cycle cost implications of making energy savings. This comprises two elements, 
an energy calculation tool, taking into account all significant aspects o f energy 
consumption, and a life cycle costing tool allowing the financial performance of a 
design or investment to be calculated. Energy consumption in buildings is 
attributable to 3 major factors, summarised in figure 3.
Building form, Orientation, 
Location, Characteristics of 
building fabric (u-value). 
Atria dimensions.
Choice of HVAC, Natural 
Ventilation, Heating 
Systems, Artificial lighting.
Occupancy and vacation 
patterns. Employee 
awareness and training.
Figure 3; 3 elements of energy consumption in Buildings (adapted from Baker, 
1998, pi).
In many respects occupant behaviour is a factor independent of building and services 
design, since even the most sophisticated building control system can be abused by 
its occupiers, that said, designers should be aware of and account for involuntary 
aspects of occupant behaviour, such as building occupancy patterns. Energy 
performance of buildings is currently not generally considered at design stage any 
further than using basic rules of thumb for sizing o f plant, and Porritt (1998) 
recognises that “large new office buildings are still being built in London which take 
almost no account of energy efficiency”. Where energy analysis is performed, it is 
not undertaken until the design is essentially finalised, at which stage the scope for
making energy related improvements is diminished. Current energy design tools, 
many being CAD linked require very detailed design information before they are able 
to perform an analysis, including room layouts and exact routing of ductwork. The 
challenge for this research will be to select an energy calculation tool using more 
basic design parameters, whilst still maintaining levels of confidence acceptable to 
clients and internal parties. At the other end of the complexity spectrum are 
calculation tools essentially used during very early sketch design stages, and act only 
as a means to compare differing designs. These cannot be used to calculate absolute 
energy consumption, which is required when considering the impacts o f energy cost 
in the total cost profile (Baker, 1998). A combination of methodologies is under 
consideration. The development and use o f this energy calculation tool is crucial to 
the further integration o f energy performance into building design. Considering the 
scale o f the impacts associated with in-use energy, this will be a major contribution 
towards reducing the total environmental impact of buildings.
The second aspect of this research concerns the development of a tool for examining 
the life cycle cost implications of investing in low-energy design. The rationale of 
considering maintenance, replacement, energy and other building operating costs as 
well as capital costs associated with the construction and financing of a building is 
well accepted as an approach to building cost management. As contracting consortia 
are involved in long term service provision in PFI contracts, the concept of life cycle 
costing (LCC) is imperative to maintain the profitability of the scheme throughout its 
service life. This EngD research takes the concept of life cycle costing a stage further. 
Using LCC as a tool to demonstrate the economic implications of environmentally 
oriented design yields a powerful tool with which to objectively discuss financial and 
environmental aspects o f the design with the client. It may also act as a tool for the 
clients themselves to explore the possibilities open to them in their investment.
One of the key areas o f weakness cited in evaluation o f LCC methodologies has been 
the approach to discounting, that is the systematic downloading of costs over time to 
model the effects o f inflation and interest rates. The methods of reconciling 
expenditure in the present, with that in the future has spawned a number of critics, 
the BRE (Building Research Establishment) for example is sceptical o f the merits o f 
applying such an approach due to the long life o f buildings and the procedures o f 
discounting, in which emphasis is placed on costs and events early in a building’s life 
(DETR, 1998c) . A similar stance is taken by Deakin (1999), who states that 
“dovmloading of costs [discounting],....[has] an adverse impact and works against 
the introduction of experimental designs aimed at energy saving, clean air 
environments”. Whilst this is to some extent true, life cycle costing like any other 
tool has the capacity for misuse, and the application o f unrealistically high discount 
rates to mask the impacts of future expenditure is just one of the ways this can be 
done. Life cycle costing must be seen in the context of closer working relationships 
within the industry, as is beginning to be demonstrated in PFI, where calculations o f 
life cycle cost, energy related environmental performance, and energy cost could be 
discussed throughout the project delivery chain from designers to end-users, thus 
ensuring an environmentally and financially optimised solution is selected.
6. Conclusion: Engendering a climate change
It is clear that there is a considerable challenge ahead in terms o f the acceptance o f 
environmentally oriented construction design. The inertia o f this situation must not
be underestimated, “We are noAV designing buildings for the year 2050 potentially
a non-fossil fuel age” (Smith, 1990, p47), and at the same time in the UK, there are 
12,000 newly qualified architects entering the fold each year, from courses which 
place architecture on a “disastrous track” in terms o f sustainable development. 
(Hyett, P. 1999, p i8). This serves to highlight a very important point, in that even if 
attitudes and approaches to building design, construction and procurement change 
overnight, it will take quite a number o f years before the new regime makes any 
impression, given the scale o f the built environment.
The challenge in the UK is heightened by the fact that the current building stock lags 
behind much of Europe in terms of energy efficiency. Real progress towards meeting 
the Kyoto commitments will be masked somewhat by the CO2 reductions 
surrounding the widespread switch from coal to gas as a primary source o f electricity 
generation. During the period 1990-1997 emissions o f the basket of 6 greenhouse 
gasses fell by 9%. The protocol requires average emissions over the period 2008- 
2012 to be reduced by 12.5%. Despite this, the Government have made a manifesto 
commitment to 20%, and scientists involved in the Inter-Govemmental Panel on 
Climate Change suggest that a 60% reduction is required (Houghton et al, 1990, 
pxvii). The fact that buildings are responsible for around 50% o f the CO2 emissions 
in the UK suggests that the built environment is on the verge o f either a forced or 
voluntary revolution in terms o f its consideration o f energy efficiency and building 
life cycles. It is unfortunate that today’s reality gives little indication or 
encouragement to adopt full life cycle perspectives in the design and procurement o f 
new buildings. Opportunities in which to demonstrate the benefits of this approach 
however, should be investigated, and public sector PFI projects represent a major 
opportunity.
Consideration of the future environmental impact o f buildings comes at a time when 
employers, and designers are more critically evaluating the office environment and 
functionality as a means of retaining valuable staff (Raymond, and Cunliffe, 1999, 
P53). CIBSE research has suggested that low energy buildings are amongst the most 
satisfying for occupants, in its major PROBE survey “The best building ever” 
consumed 50% less energy than the Governments own “best practice” guidelines 
(Standeven et. al., 1998, p37).
Government initiatives such as the review of the Building Regulations will have an 
insignificant impact on the energy efficiency situation, and real progress will depend 
upon a fundamental re-orientation of attitudes and mindsets amongst clients, 
contractors and architects. What is certain is that we now have the technology to 
create desirable, low energy workplaces. However, unless the industry has the ability 
to create a demand for them, the Government look set to force their hand in the 
development of a strict energy policy and mandatory energy targets (Tansey, 1999). 
This research is centred around creating that demand, as the construction industry is 
facing its last chance to seize the opportunity in taking the lead.
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Abstract
Significant environmental impacts occur during the life cycles of buildings, the most 
significant o f which is usually the energy consumption during the use-phase. In this 
respect, the performance o f UK buildings lags behind much o f Europe, and approximately 
50% of national energy consumption and CO2 emissions can be attributed to the built 
environment.
Market conditions have been seen as the greatest barrier to the acceptance o f energy 
efficient building design, despite the increasing number o f case studies able to demonstrate 
favourable life cycle costs and, increased occupant satisfaction.
A relatively recent method of government procurement in the UK known as the Private 
Finance Initiative (PFI) provides an ideal opportunity to demonstrate the concept o f 
environmentally sensitive building design to the wider marketplace. This procurement 
route is particularly important, since a contracting consortium are responsible for 
designing, constructing and operating the building to provide a public service over 
extended periods, in the order of 25 years.
Tools to aid the delivery of energy and cost efficient buildings are currently poorly 
integrated into design development. This paper will describe and demonstrate the 
preliminary results of a new procedure which will bring the energy and cost performance of 
buildings to bear on the design process, where the potential to influence these factors is at 
its greatest.
Keywords: Energy Efficiency, Sustainable Construction, Life Cycle Costing, Private Finance 
Initiative
1. Introduction
A wide range o f environmental impacts occur over the life cycles o f buildings, as a fimction o f 
raw material extraction, construction, use, and demolition. The most significant o f these 
environmental impacts is usually the energy consumed during the period o f operation (Horsley 
et. al, 1999). The only general exception to this rule is in the retail sector where frequent high 
quality refurbishment may be required to maintain market position, and brand image, and in 
such instances the environmental impact of materials becomes rather more pronounced 
(Connaughton, 1990) . However, with the trend for increasingly durable buildings, with 
greater functional adaptability the importance of energy performance remains paramount.
UK buildings are considered to be some o f the least efficient in Europe (EIBI, 2000), and are 
responsible for almost half o f national energy consumption and CO2 emissions (Parrot, 1998). 
The problem remains rather one of the mechanics of the marketplace as one o f technology, 
and current available techniques are able to reduce energy consumption by over 90% (Hawken
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et. al. 1999). The UK Construction Confederation (through the activities o f the Sustainable 
Construction Focus Group) describes this in terms o f a vicious circle of blame where all 
parties of the project delivery chain, designers, contractors, developers, occupiers and 
financiers, blame other members for the poor environmental performance o f the product. In an 
extensive survey covering all these groups it was the general view that contractors are able to 
deliver environmentally sensitive design, but the designer did not specify them, developers did 
not specify them because the financiers would not pay for them, and the financiers would not 
pay for them because they claim there is no demand within the marketplace.
The Private Finance Initiative (PFI) is a relatively recent instrument for procuring public 
services in the UK. It is unique from a building performance perspective since the contracting 
consortia develop, design, construct, and then operate the facility to provide a public service, 
for extended periods, usually in the order o f 25 years. This brings a new dimension to the 
procurement process, and gives significantly more scope for creativity and innovation within 
the design. This research is seeking to exploit this opportunity in the implementation of a 
variety of energy efficiency techniques demonstrating their benefits to the wider marketplace. 
Environmental improvements Avithin the construction industry will only be significant when 
all buildings are captured, and as such PFI is seen only as the springboard from which this 
approach can be introduced to all construction work.
The contractual advantages of procurement routes such as PFI will only be fully utilised 
however when procedures are put in place to manage and demonstrate benefits throughout the 
design process. This paper will describe the development o f a procedure which will bring the 
energy performance of buildings to bear on the crucial early stages of the design process, 
where the opportunity to adopt energy efficiency strategies is at its greatest.
2. Energy Assessment and The Design Process
The energy performance o f buildings is an intrinsic part o f the construction design process, 
but is not typically assessed throughout the inception or development of building proposals. 
Considering the scale of the environmental impacts arising fi*om building energy performance, 
both throughout the life cycle of individual buildings, and on a national scale, this situation is 
clearly of great concern. The discussion below outlines the fundamentals o f a new approach to 
energy performance in the design process.
Building energy performance can be described as a function of three interrelated factors, these 
being building design (basic parameters o f plan/form, orientation and the building fabric), 
services design (choice o f heating, lighting and cooling systems), and occupant behaviour 
(occupancy patterns and employee awareness). These interrelated factors are determined 
during various stages o f the development process.
Figure 1 on the following page demonstrates that as the design process develops, the cost and 
resistance to design alteration increases. At the same time the opportunity to make alterations 
to the design which will affect environmental, cost and other performance factors diminishes, 
this is due to the iterative nature of the process in which a number of aspects in the design 
need to be established and fixed in order to make progress. This situation gives rise to a 
“window of opportunity” within the construction design process, essentially a period over 
which the energy performance (and other performance factors) of the building can be 
influenced. Although this period will vary with the project in question, it clearly ends long 
before the project begins on site.
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Fundamental building design factors, are the most important of these early design 
considerations, since these parameters are essentially fixed during the life of the building, 
other factors whilst dependent on these early decisions do retain scope for development over 
the product life.
Design
Alteration Cost
Potential Environmental 
Impact /  Cost Reduction
Outline
Design
Detail
Design
Construct Operate Time ->
Figure 1: The “window of opportunity” within the design process (X)
The overall rationale o f the approach during the “window of opportunity” is captured in figure 
2 below:
Condition occupant 
behaviour
Services DesignBuilding Design Occupant Behaviour
Maximise the 
efficiency of 
essential services
Minimise demand 
for artificial services 
(heating, lighting, 
cooling)
Figure 2: The approach to Energv Efficiency Strategy in the “Window of Opportunity”
Figure 2 demonstrates that the approach in the earliest phases is to maximise the potential o f 
the building to operate in a passive manner. During later stages of the building design process, 
after the form, location and orientation of the building are essentially determined, the role of 
energy assessment shifts toward the selection and appraisal o f a number of energy efficiency 
strategies. Whilst the objective during the earlier stages is to minimise the need for artificial 
service intervention the aim during this stage is to satisfy the service needs o f the building in 
the most efficient manner.
An important consideration in the selection of energy efficiency strategies will be their cost 
implications. Building specification has traditionally, and to a large extent still does revolve 
around capital costs. Although many energy efficiency strategies have demonstrable savings, 
both in capital and operating expenditure, clients and developers will need to take a longer 
term financial view of their buildings before significant energy and environmental 
improvements can be delivered.
3. Why PFI?
The Private Finance Initiative refers to a method of government service procurement which 
gained favour during the 1990s. The emphasis in PFI is the services provided through
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buildings rather than their physical constituent elements. The principle behind the approach is 
that the promoting consortia designs, builds, finances and operates the facility for the benefit 
of the client over a concession period o f around 25 years.
In terms of building design processes PFI is a unique proposition, owing to the fact that the 
contractor, engineers, architects and designers work together to develop the design, and also 
that the building must be operated by the consortia over an extended period of time. These 
factors mean that there is scope for a fair degree o f flexibility and innovation in meeting the 
service requirements of the client.
Public Private Partnerships such as PFI have often been criticised for delivering poor value in 
relation to other methods of procurement. This is largely dependent upon the extent to which 
the client and contracting consortia utilise the significant value-enhancing opportunities the 
system allows.
PFI has been heralded as one of the major opportunities in demonstrating the benefits o f long 
term thinking to the wider marketplace. However, the huge opportunity presented by PFI has 
yet to be fully exploited. Improving environmental performance o f buildings is one o f the 
major opportunities. It 'svill be the responsibility o f the contracting consortia to develop means 
of exploiting this opportunity for the benefit o f both their clients, through increased levels o f 
occupant satisfaction, and for themselves through reduced service life risk exposure.
The long term service provision and financial structure o f PFI, where the client pays an agreed 
unitary charge over the duration of the contract, means that the consortia responsible for the 
design and construction can, in consultation v^th their financiers achieve the fixed unitary 
costs with a variety of different capital and operating expenditure regimes. This gives 
additional flexibility when dealing with the more speculative technologies with extended 
periods of payback.
4. Procedures for Delivery of Enhanced Energy Performance
The environmental importance of energy usage in buildings has been highlighted, the design 
process has been identified as the most critical stage o f the project delivery process in 
determining these factors, and the PFI has been demonstrated as an ideal forum in which these 
factors can be harnessed to deliver environmental benefit. In order to deliver real 
environmental improvements however, a procedure to evaluate and justify the performance o f 
proposed designs in both energy and economic terms is proposed. This procedure is to be 
implemented throughout all stages of the design process.
Figure 3 on the following page demonstrates that the central procedure is served by two sets 
of information systems, energy assessments, and costing assessments, which are in turn 
supported by individual tools to calculate energy and cost performance respectively. The 
testing and selection of these support tools has been carried out on a project at an advanced 
state of development. The Princess Margaret Hospital Relocation PFI project has been under 
construction since mid 1999, but the accumulation o f information and data about the project 
has been instrumental in developing the approach to energy related aspects of building 
performance. The data fi*om the project has been used assess the performance of a number o f 
energy assessment tools with particular reference to:
• the building description “inputs” required by the tool
• the time taken to perform the analysis
• the degree of accuracy in the results
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Figure 3: Delivery of Life Cvcle Energv Value through design (LCEVI: The procedure to evaluate energv and 
cost performance during the design process. Key PFI project stages ITN (invitation to negotiate), and BAFO 
(best and final offer) are highlighted.
The energy assessments described in the LCEV procedure must perform functions at two 
different levels within the design process. Firstly they must assess the predicted performance 
of the basic building design parameters as highlighted in figure 2 at outline design stage, it is 
at this critical stage where the lack of decision support tools is most apparent. A tool known as 
the LT Method (Baker, 1998) has been selected as the most appropriate application in this 
field. Secondly the procedure must assess the effect of a number o f energy efficiency 
strategies applied to the building during the scheme design stage. The default strategies are 
highlighted in figure 4 on the following page.
The LT Method uses a basic set of building parameters including the orientation, number o f 
stories, floor plan layout and glazing ratio to calculate an energy assessment which can be 
compared to other LT results. The tool is not intended to give absolute energy consumption 
data, only comparative assessments, but is a simplified and fast manual calculation 
methodology. It has been tested and evaluated on a number o f live projects (ETSU, 1991) 
(Hawkes, 1994).
Assessing the savings delivered by the energy efficiency strategies described in figure 4 on the 
following page cannot adequately be met by a simplified energy model such as the LT 
Method, since many o f these parameters form part of the fixed variables, which allow the tool 
to be easily used during the earlier stages. The tool selected for this more advanced analysis is 
Energy-10. This tool retains many of the important features of the LT method, in particular the
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ease in which the building can be described to the model, but allows the control o f a much 
wider range of parameters in order to evaluate the strategies outlined in figure 4.
Lighting Specific Options Heating Specific Options Cooling Specific Options Power Sources
Daylighting 
Shading 
Energy Efficient Lighting
Insulation 
(Wall/Floor/Roof) 
External Insulation 
Air Leakage Suppression 
Maximise Thermal Mass 
Passive Solar Heating 
Glazing Options 
(Double/Triple/Coated/ 
Filled)
Natural Ventilation 
High Efficiency HVAC 
Stack Effect Cooling 
Evaporative Cooling 
Earth Ducts 
Borehole Cooling 
Night Cooling
Photovoltaics 
Wind Turbine 
Renewable Sources
Figure 4: Energy efficiency scenarios to be considered during the scheme design stage.
Assessing the performance of the above energy efficiency strategies cannot adequately be met 
by a simplified energy model such as the LT Method, since many of these parameters form 
part of the fixed variables which allow the tool to be easily used during the earlier stages. The 
tool selected for this more advanced analysis is Energy-10 (SBIC, 1999). This tool retains 
many of the important features of the LT method, in particular the ease in which the building 
can be described to the model, but allows the control o f a much wider range o f parameters in 
order to evaluate the energy efficiency strategies outlined in figure 4.
Selecting the strategies appropriate to the project in question is currently achieved through a 
workshop, however as the LCEV procedure develops, it is intended to draw some generic 
lessons from these scenarios in order to develop a decision tool to aid the selection process. It 
is intended that this takes the form of a decision tree. The energy related performance o f each 
scenario is considered either in isolation or as part o f an integrated package, using Energy-10. 
All scenarios which demonstrate energy savings are costed using the methodology described 
in the following section.
5. Life cycle costing in decision support
The life cycle of construction products is pertinent not only in environmental terms, but also 
in economic terms. A typical office building for example will consume upwards o f 3 times its 
capital costs over a 25 year period o f operation as a consequence o f its upkeep and 
maintenance. The marketplace is just beginning to wake-up to the importance o f operative 
costs, but some of the market barriers similar to those restricting operative environmental 
performance remain, typically the reluctance to take a long term view on building ownership.
Life cycle costing is an intrinsic part o f the decision to adopt or reject an energy efficiency 
strategy. The requirement is for a holistic assessment as to the cost of adopting a particular 
energy efficiency measure or technology, against a reference case, which is based on either, 
building regulations or a “do-nothing” approach, depending on the nature of the strategy. 
Strategies such as insulation or glazing for example would use building regulations as a 
reference case, whilst an evaluation of strategies such as solar shading or natural ventilation 
would be compared against a “do-nothing” reference.
Energy efficient building strategies have often been considered solely on the basis of 
additional capital costs, and reduced operating costs. However many energy efficiency options 
can reduce both capital and operating costs. In both cases such strategies should be seen as a 
combination of additional and avoided capital and operating costs. Holistic cost modelling is
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required where systems providing the same service are considered, and both the additional and 
avoided capital, operating and energy costs are included. This is achieved by internalising the 
cost all of the components which are affected by the decision to select a particular energy 
efficiency strategy. This is explained using an example in figure 5 below.
Energy Efficiency Strategy: Daylighting
Building Systems affected by this strategy: Energy Costs, Electrical Installation Costs, 
Glazing Ratio and Window type. Solar Shading
Reference System Key Requirement Low Energy System
Energy Costs 
Electrical Installation 
costs 
Glazing Costs
Provision o f  
Required 
Luminance Levels
Reduced Energy Costs 
Reduced Electrical 
Installation costs 
Increased Glazing Costs 
Cost of Solar Shading 
Provision
Figure 5: Diagram demonstrating the consideration of Low Energy Systems as a combination of both additional 
and avoided costs.
The approach described in figure 5 is achieved using a spreadsheet. From a basic set o f input 
parameters the costs are placed in a cash flow over the life of the project. The input 
parameters are highlighted in the screen-shot (figure 6) on the following page.
When comparing two alternative methods of delivering the same level o f service, the balance 
between capital and operating expenditure will vary, and also the distribution of costs over the 
study period. Expenditures which occur over a variety of different timescales mean that direct 
comparisons between alternative systems are complex, and the techniques which are used to 
overcome them are often controversial.
The concept of discounting has been seen to be contrary to that of sustainability and good 
environmental performance (Deakin, 1999) (Pearce and Turner, 1992). This is largely due to 
the fact that costs (and hence resource uses) in the future are systematically depreciated 
against those in the present. The higher the discount rate, the more pronounced this effect 
becomes, and increasingly capital costs become dominant. However discount rates do not in 
themselves seek to undermine environmental performance, they instead reflect the fact that 
there is a time-value to money. Costs or benefits which are likely to occur in the future have 
less significance than those occurring today, owing to the effects of inflation, interest rates, 
and increased risk and uncertainty as predictions are cast into the future. The discount rate is a 
factor which combines these variables, and given the costs of financing additional capital 
expenditure and the desire to recoup these costs as over the shortest possible time horizons 
mean that the use of the discounting principle is justifiable from a commercial perspective, 
despite its shortcomings.
It is the use of unjustifiably high discount rates which jeopardise the environmental potential 
within the project, and this is to be avoided. The only substantive The spreadsheet based 
system highlighted above will use the HM Treasury approved rate of 6% as a default, but will 
also test the sensitivity of the decision to the rate selected, before a final judgement is made. It 
is considered that the exact discount rate is only critical when the decision is highly sensitive 
to it, despite the significant body of literature which has accumulated surrounding the 
discounting principle.
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Figure 6: Spreadsheet screen-shot demonstrating the cost inout parameters used in the assessment of energv
efficiency strategies.
Data for life cycle costing is sourced through one of two routes, firstly the independent 
building cost information sources:
• HAPM (Housing Association Property Mutual): Component Life Manual
• PSA (Property Services Agency, now known as TPS Consult) Cost in Use Tables
• Building cost information service (BCIS)
The alternative route is the information supplied directly from the manufacturers on the in-use 
performance of their products, although independent sources are the ones invariably trusted by 
clients. The period of study has a great bearing on the viability of energy efficiency proposals, 
and their cost structures. Most PFI contracts have service concession periods in the order of 25 
years, but PFI clients are frequently interested in the serviceability of their buildings for a 
period beyond the cessation of the contract.
6. Case study: Work in Progress
Following the retrospective development of the new procedure on the Princess Margaret 
Hospital in Swindon, work is now commencing on the application o f the procedure to project 
with a live design stage. This project is the PFI bid for the University of Hertfordshire Campus 
development in Hatfield. The scope of the PFI project is the development o f residences with 
capacity for 1600 students, and an 8500m^ sports facility.
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Live application on a project of this nature is important since the LCEV procedure should be 
both workable within the design stages in which it is to be used, and applicable to a wide 
range o f building types. The University project was selected for study on the basis o f its early 
design stage, and hence maximum potential influence, and the very different nature of 
building use from the hospital upon which the tools were developed. The energy performance 
of various options are currently being considered in terms of building orientation, plan shape, 
glazing characteristics and u-values o f external components. This is being done through the 
testing o f several different simple plan shapes on the site. Figure 7 below demonstrates some 
of the early results. Energy 10 is to be used throughout the energy assessment phases, since 
the LT Method does not assess the occupancy patterns and characteristics o f residential 
buildings.
University of Hertfordshire: Energy Performance 
Student Residences
Reference Case Low Energy Case
Building Design Parameters
North-South Axis Dimensions (m) 11.5 11.5
East-West Axis Dimensions (m) 17.3 17.3
Building Stories 4 4
U-value Floor 0.45 0.1
U-value Wall 0.45 0.3
U-value Roof 0.3 0.15
Windows (U-value) Double Glazed Alu Double Glazed Alu Low E
U-value windows 4.43 1.76
Average U-Value of envelope 0.977 0.463
Windows No (N/E/S/W) 20/20/40/20 17/7/56/5
Total Glazing Ratio (%) 20 21
Energy/Environmental Performance
Total KWh/m^ 240 87
Total Emissions (Kg) CO2 /SO2 /NOX 46093/127/83 23410/98/56
Figure 7: Comparative Performance of Two Student residence options based on a 40 student housing unit.
The external envelope o f the reference case generally conforms or slightly exceeds building 
regulations, whilst the low energy option generally exceeds the revised part L o f the building 
regulations due to be introduced over the next 2 years. The orientation, and plan form o f the 
buildings are the same, hence figure 7 demonstrates the impact of the thermal characteristics 
o f the envelope. Comparison of these two options demonstrates the level of energy savings 
possible, and this is before any advanced measures have been applied in terms o f building 
services. It is interesting to note that the government “good practice” target for student 
residences is 266 KWh/m^, which is an undemanding target in view of the results above, 
particularly when considering new buildings. Formal assessment as to the cost implications o f 
the low energy option is yet to be completed, but at current prices the energy savings alone are 
likely to exceed £7 million. Further modelling will examine the effects of orientation and the 
number o f stories on potential energy performance.
The University o f Herts project is currently at outline design stage, so the approach in terms of 
energy efficiency is currently restricted to the investigation o f how basic building parameters 
affect the energy efficiency potential o f the buildings (see figure 3). During scheme design a 
package of specific energy efficiency scenarios will be applied to a more advanced design, 
where these will be assessed in terms o f the energy saved, and their life cycle cost 
implications.
Proceedings o f the E ngineering D octorate  in  E nvironm enta l Technology, A nnua l C onference 2000
7. Conclusions
Energy consumption in buildings forms perhaps one of the most significant human impacts on 
the environment. Buildings in the UK are currently only a fraction as efficient as current 
technology permits. The procedure described within this paper seeks to apply the most 
appropriate package of current technologies to optimise whole life energy and cost 
performance. There is significant evidence to suggest that good whole life environmental and 
economic performance are not opposing ideals. This procedure is developing though 
application to a number of live construction projects.
The Private Finance Initiative, and similar forms o f procurement represent the ideal forum in 
which to develop and demonstrate the proposed approach to energy and cost issues. However, 
these projects represent only a fraction of the buildings constructed each year, and clearly real 
environmental benefits will only be realised when such a long-term approach becomes 
commonplace in the construction market. It is anticipated that this procedure will already be 
applicable to procurement routes such as design-build, where the contractor retains some 
control in the design process. Other routes o f procurement, typically the more traditional 
routes where the contractors involvement begins after the design process, will be influenced in 
a more indirect manner, through the accumulation of supporting evidence in other projects. It 
is also important to note that the procedure is also appropriate to building refurbishment 
projects, despite the fact that the fundamental building design factors are fixed.
Both the total area o f the built environment, and the consumption per unit area are increasing 
(EIBI 2000), this could potentially put the UK’s greenhouse gas reduction targets in jeopardy. 
The recent review of part L of the UK building regulations is expected to have a positive 
effect on building energy performance in both new and existing building stock (DETR 1998). 
This is to be achieved through increasing the minimum specification and efficiency o f thermal 
components. However the strictly regulatory approach can only go so far. A more dynamic 
approach to energy performance as described in this paper will be required in order to 
engender the sort o f long term thinking which is widely seen as the key to improving building 
environmental performance.
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BRECSU Design Advice Service
Excerpt from Design Advice Review 2: 2001
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The University of Hertfordshire is currently located on a number of sites throughout the 
region. Its expansion plans include the redevelopment of a disused airfield site near to 
Hatfield to provide new accommodation for 1,600 students, a refectory and a sports 
complex with a 25 m pool, as part of a total campus development programme on the site.
The Carillion consortium are one of two bidders in the PFI scheme for the sports and 
residential facilities. The preferred bidder will design, construct and manage the facility for 
25 years.
Carillion Building Special Projects have used a new design procedure to deliver energy- 
efficient buildings that focus on early design considerations, and in particular finding an 
optimal balance between building footprint, orientation, glazing and insulation. The Design 
Advice service was used to validate these approaches and to suggest further energy-saving 
techniques appropriate for the project.
This combination of approaches has led to a potential energy performance of some 50% 
below current EEBPp good practice standards in the residential development.
Consultation
Design Advice consultant Peter Concannon met representatives from the design 
management, architectural and engineering consultants as part of a multi-disciplinary 
assessment of the project. Many of the ideas developed by Carillion and their consultants 
were confirmed by the recommendations proposed by Peter Concannon. However, what 
proved very useful to Carillion were the additional ideas that arose during the discussions 
that developed their scheme further.
Additional recommendations
The following items were highlighted in the Design Advice report for further consideration: 
investigate the use of borehole water for non-potable uses
install passive stack ventilation to serve the kitchens and bathrooms in the halls 
of residence
investigate the viability of using solar water heating in the halls of residence and 
sports facilities
improved controls for the heating system and lighting.
Combined heat and power
A CHP option had been investigated early in the design process, but had not been 
incorporated into the design. Peter Concannon recommended further options be 
investigated as CHP often proved worthwhile, especially for facilities with a pool.
'The Design Advice service has complemented our own  
approaches to energy-efficient design, and has particularly 
helped to build the confidence necessary to  deliver a scheme 
w ith  exceptional energy performance.'
Andrew Horsley, Environmental Research Engineer,
Carillion Building Special Projects
D e sig n  A dvice  C o n s u lta n t
Peter Concannon, Oscar Faber
E-mail: peter.concannon@ 05carfaber.co.uk
C lien t
Carillion Building Special Projects 
B uilding s e c to r  
Higher education 
E s tim a te d  flo o r a re a  
4 8 ,0 0 0  m2
To ta l va lu e  of p ro je c t  
Approximately £50  million build cost
»
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1. Introduction
Let’s face it -  the construction industry has a massive, long-term impact on the environment. Construction of 
today’s buildings consumes resources and generates waste on a scale which dwarfs most other industrial 
sectors.
As an industry we discard about 70 million tonnes of construction and demolition material each year, the 
majority of which could be recycled. A staggering 13 million tonnes of that is dumped because of over­
ordering.
But that’s only the start -  because its when the building is complete that the real environmental burdens 
begin. Buildings in the UK consume over 45% of the nation’s energy demand and are responsible for a 
staggering 50% of our greenhouse gas emissions. Its widely acknowledged that both new and existing 
buildings are only a fraction as efficient as they could be given the technology available to us today.
Consequently the operation of a building over 50 or 60 years has a far greater impact on the environment 
than the whole construction process put together. Over a 60-year life of a typical building, over 80% of the 
environmental impacts will arise as a result of the energy consumed in operation. Energy related 
environmental impacts have long been recognised, but they are proving hard to control.
Considering the rate at which the built environment is growing each year, about 3% by floor area, the energy 
efficiency of buildings will have to increase incrementally, simply for national consumption and emissions to 
remain stable. There is evidence to suggest however that buildings are also consuming more energy per unit 
area than they were 5 years ago. This represents a significant challenge, and probably the biggest single 
challenge in the environmental performance of the construction industry.
It is not design intent to make buildings inefficient, but a consequence of a number of constraints we are 
working to, both internal, design led, and external, client led issues means that buildings are not as efficient 
as they could or should be. As Carillion are the industry leading players in environmental and sustainability 
debate, we have taken on the challenge of permeating these barriers to performance and thus improving the 
energy performance of our products. This challenge is evident on a number of fronts, but the key players In 
the process are those that are tasked with making the fundamental decisions about how to meet client and 
design demands, you!. Energy issues have traditionally been the responsibility of a few members of the 
design and construct team, but all members make decisions which affect energy performance, and a more 
integrated approach is required in dealing with these issues. Key clients are also being approached with a 
view to training them on the tool in order to more effectively set the parameters of their brief on energy 
efficiency matters.
The Energy Toolkit concept has been developed in order to help these groups to begin to understand the 
issues. The tool depends upon two fundamental concepts of energy assessment and life cycle costing. The 
former is a simplified is a tool which can predict the energy consumption of a building from a number of 
parameters specified by the user. The simple nature of this tool compared to alternatives the market is for
two reasons, firstly so that it can be used at the conceptual stages of the design process, where the most 
important energy related decisions are made. Secondly, so that a wider range of groups can use it, changing 
the traditional ownership of these issues, a potential barrier in itself.
This introductory session is intended to get people started in the Energy Toolkit concept, to understand the 
issues, and to develop the confidence to use the tool in real situations. Further training requirements will be 
determined from the feedback gained from the course.
2. induction Agenda
The basic agenda for the day is as follows. These are only approximate times.
10:00am 
10:15am 
11:00am 
11:20am 
11:30am 
11:45am
12:30pm
1:00pm
2:30pm
3:00pm
3:10pm
3:45pm
4:00pm
Assemble and Install Software 
Introductory Presentation 
Group Discussion
Break and Check Software Installation 
Energy Toolkit Design Procedures 
Energy-10 Introduction
■ Scope of Tool
■ Worked Examples
■ Output of Tool 
Lunch
Energy-10 Continued
Introduction to Environmental Life Cycle Costing 
Break
Environmental Life Cycle Costing: Continued
Bringing the tool together: Closing Discussion, Feedback and Future Actions 
Close
3. Objectives of the Course
It is expected that attendees will take the following from the training day:
An understanding of:
the importance of energy issues in environmental and economic terms
the importance of the building development process in dealing with these impacts
the requirement of a new type of energy assessment tool managed by new user groups
the basic functionality of Energy-10 software
the basic functionality of the Energy Toolkit LCC Spreadsheet
4. Expert User Group
The expert user group will act in receiving the front-end training in the tool, and will be tasked with 
disseminating the tool into their regional businesses, acting as the first level of support in the procedure.
The expert user group consists of the following people:
Carillion Building 
Vicki Roberts 
Rhydian Morgan 
Mike Stringer 
Tom Rice 
Russell Hall 
David Rowe
Howard Tinkler 
Tim Parsons 
Tim Culshaw 
Colin Reed 
David Harboard
TPS Consult 
Tom Watts 
Steve Tidy 
John Hurworth
Schal
David Taylor
5. The Process
The Energy Toolkit process is designed to help identify and examine energy efficiency strategies for a wide 
range of building types. The process is intended to be entirely flexible to meet project requirements, the 
basic concepts are one of identifying opportunities, optimising efficiency and then confirming performance, 
and these remain constant regardless of the way in which the process is applied. The ideal forum for a 
process like this is where Carillion are involved in the design from outline design, and even earlier. In those 
projects where early involvement is not possible, it is still possible to use the toolkit, but the possible options 
will be minimised, and many fixed factors about the design may have transpired. This effect is termed the 
“window of opportunity” within the design process, a defined period over which it is possible to make cost 
effective energy savings within the design development process.
Design
Alteration Cost
Potential Environmental 
Impact /  Cost Reduction
Outline
Design
Detail
Design
Construct Operate
Figure 1: The design window of opportunity.
The processes described in the flow charts on the following pages are examples of how the procedure can 
be used, in terms of process, these are only guidelines, and there is significant flexibility to fit these activities 
within your own design frameworks. Since the cost of energy efficiency opportunities is a paramount 
concern, a life cycle costing process is incorporated which examines the implications of future energy price 
hikes, and discounting practices on the decision to either reject or accept a strategy.
5.1 Identify the opportunities (Outline and Pre-design)
Purpose of this Stage: Influence and optimise basic design parameters
This stage of the process is in many ways most important, it concerns the basic design criteria such as the 
orientation, form, insulation and glazing of the building. It is here where the most significant and economic 
energy savings are to be made. The opportunity to achieve some of these changes are diminished unless 
early design influence is available.
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5.2 Scheme Design
Purpose of this Stage: To understand what the most important energy consuming elements of the building 
are, and to test specific strategies for their reduction.
For example if domestic water heating is considered to be particularly important measures such as solar 
water heating might be considered. If electricity consumption is dominant, a renewable energy scheme or 
CHP plant may be considered.
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5.3 Detail Design
The energy toolkit approach Is essentially completed before the detail design stage, and the opportunity to 
influence many key parameters has already passed. It is important to use this period to confirm that the 
performance of the buildings as modelled is a reasonable reflection of how they will perform in practice, and 
that there are no significant errors in the calculations. This can be done in a number of ways;
Use of More Sophisticated Modelling tools: TPS and M&E Design Consultants frequently use more 
sophisticated modelling tools during later stages of the design process. Although these are generally 
incapable of supporting the earlier stages of the design with less experienced users, they can prove very 
important in confirming that the performance derived from tools such as Energy-10 are an accurate reflection 
of how the buildings are going to perform.
Peer Review: The Energy Toolkit aims, amongst other things to develop an understanding of what 
constitutes a good level of performance. Other members of the design team will frequently be able to spot 
any glaring errors in the calculations.
Government Good Practice: Government produces a wide range of indices for different building types. These 
are summarised in the Energy Toolkit Spreadsheet. These figures, although not particularly demanding to 
achieve, are a good guide to understand the relationship of the figure you are generating through modelling 
processes, and actual buildings in use. It is worth bearing in mind however that significant reductions can be 
achieved over these benchmarks even adhering to current building regulations.
6. The Component Tools
Two fundamental concepts underpin the energy toolkit, firstly holistic energy assessment, and secondly life 
cycle costing. Cost is a major shaper of the built environment, and also a good route to demonstrate some of 
the wider benefits of low-energy design, hence the focus on cost, and environment as key drivers in the 
Energy T oolkit process.
6.1 Energy Assessment: The Energy-10 package
There are many tools available on the market which calculate the predicted energy consumption of buildings 
from design parameters. There are also a large number of tools that capture a wider range of environmental 
impacts such as embodied energy of materials amongst others. Given the current level of energy 
performance however reducing energy consumption in buildings is an environmental priority.
A US Software package was selected to fit the application due to a number of factors, primarily its ease of 
use, accuracy and acceptable level of input and output data. Despite a number of UK packages meeting 
these criteria (ESICHECK, LT For Europe) these tools are currently commercially unavailable.
The US Sustainable Buildings Industry council developed Energy-10. It is a PC based energy performance 
simulation tool that is particularly suited to less complex buildings with up to two distinct thermal zones. Two 
zones are needed where for instance
Despite the software being developed in the US, the program also contains limited climatic data for a number 
of international locations. The software aids in the analysis of thermal and lighting performance by 
calculating heat transfer from point to point within the building each hour throughout a simulated year. 
Weather data consists of site-specific, hour-by-hour values such as temperatures, solar radiation, humidity, 
and wind speed. Each month of data is from a different year, selected to be typical of the long-term average 
for that particular month. The simulation analysis in Energy-10 accounts for evaluation of solar gains through 
windows, heat flowing into and out of walls, thermal storage in building materials, and HVAC performance. 
The simulation is performed for an entire year, summing hourly energy consumption into monthly totals. 
Daylighting in the building is simulated in a similar way, accounting for visible transmittance through 
windows, switching or dimming characteristics of the lighting controls, and reduction in heat energy 
generated by the lights, which, in turn, affects the building's thermal performance. The daylighting analysis 
divides the building into five lighting zones and employs the split-flux method. The thermal analysis is done 
using a thermal-network mathematical modelling approach. HVAC analysis is quasi-steady state. (SBIC, 
1999)
Its US origin presents us with a number of challenges, particularly arising out of the US standard default 
specifications for construction components, and the weather data files which are US based. Both of these 
parameters have been overcome satisfactorily during trial, and E-10 has proven to give accurate results.
A full user manual is available for Energy-10 which covers the operation of the tool in detail. Again reference 
to US standards and practices can be an annoyance, but these are typically easily overcome in practice.
6.2 Environmental Life Cycle Costing Spreadsheet
When recommendations have been established from the energy modelling tool, such as for example an 
optimal insulation strategy, these items will obviously have to be costed. These strategies are costed in 
functional units, such that like is always compared with like. It is down to the user to establish their own 
functional units, although prompts are given in the spreadsheet defaults.
The most simple example of a functional unit can be given comparing two tins of paint. If a litre of paint A 
costs £10 and a litre of paint B costs £12, it is obviously not good enough to say that A is cheaper than B, 
since more of paint A may be required for a given area of wall. The functional unit therefore might be paint 
required to finish 60 window frames of a particular size. With the problem framed in this manner, like is 
always compared with like since it is the function of the product which is determined.
Similarly energy efficiency scenarios must be considered in the same manner. Increasing the wall insulation 
for example may increase the cost of the insulation system, but it may also add additional construction costs 
associated with cavity size, furthermore plant costs may be reduced through reduced loads. All of these 
factors must be cost modelled for buildings with and without the additional energy saving features to ensure
an objective assessment. The costing spreadsheet, as with the energy modelling tool will compare a low 
energy option with a reference option which is usually a “do nothing” or Building Regulations minimum 
standards scenario.
The costing spreadsheet requires the user to input the costs associated with the additional components 
defined in their functional units. An library of common envelope elements is included in the spreadsheet for 
early components of the analysis. When the cost and life cycle cost information has been entered the user 
can examine a number of financial/environmental variables:
■ Future energy price rises, and the sensitivity of the decision to future energy price/taxation increases
■ The effect of the discounting principle and the sensitivity of the rate selected
■ The performance of the Building against Government Indices
■ The emissions of the building arising from energy consumption and the emissions of the reference case.
7. Where do you fit In?
There are a number of barriers in us achieving energy efficient approaches to building design and 
construction. Some of these concern the way in which we do business internally, and others concern factors 
beyond our control, such as the way contracts are organised, or the way clients are thinking. It is not 
possible to overcome all of these barriers over short time scales, but we can begin to permeate some of 
them. The user group has been selected based on their proximity to one or more of client issues, design 
issues and cost issues. This group will receive training directly, although the procedure will eventually be 
used more widely within Carillion. During this wider process of rolling out the procedure, the expert users will 
provide first level support in the use of the procedure within the regional businesses and business groups.
8. Energy Efficiency: The Constraints
Energy performance of buildings is not a new subject, but it remains the most significant impact of the 
construction business. There are a number of reasons why this has remained a difficult issue to overcome, 
these are both external and internal issues, some obvious, and some less so. The fact of the matter is 
however that the technical potential to improve performance is increasing all the time, but the uptake of 
these approaches is not occurring at the same rate. The main barriers to energy efficiency concern not the 
technical issues, but the social issues, communication issues, the way in which contracts are organised, and 
preconceived ideas.
It is useful for Energy Toolkit users to be fully aware of the constraints and barriers they will face in the use of 
the tool, such that pre-emptive action may be taken if appropriate, and that the suitable discussions can take 
place.
A summary of the main constraints and issues are on the following page:
Barrier to Energy Efficiency Discussion
Capital Cost Dominance Energy inefficient buildings not only consume more energy 
over their life cycles, but also more heavily depend upon 
artificial services and therefore cost more to maintain. These 
additional expenditures represent a significant financial 
burden for building owners and operators. Consultants and 
contractors have little incentive to reduce whole life costs, 
and frequently the client (as developer) has little interest in 
long term building performance. Despite the public sector 
insistence that “best value” rather than “least cost” tendering 
being the recommended procurement guidance, the 
messages coming from Government are confused.
Project Finance and Time Constraints It is a well accepted fact that capital and operating costs do 
not come out of the same cash stream in most building 
projects, hence the problems in comparing them in like terms 
during design processes. Time constraints in contracts are 
also apparent, the belief, whether correctly or incorrectly that 
energy efficient buildings demand greater design work works 
against the adoption of such practices.
Lack of Integration in Design Process Integrated design is an environment which the inter-linkage 
between diverse disciplines is well established, and the 
means of cross communication between these parties is 
solid. This integrated team approach is essential in the 
delivery of green buildings. However typical practice is more 
compartmentalised thinking, and truly integrated design 
teams are rare.
Building Services in the Design Chain Lack of integration within the design process means that the 
services design is not considered in unison with the building 
design, orientation, glazing, form and layout. Building 
services engineers, who typically come last in the linear 
design sequence are presented with a sub optimal building, 
and need to use services to overcome some fundamental 
weaknesses in the design. This can lead to a compromised 
services layout and design with poor efficiency and 
maintainability.
Overspecification and Oversizing of Services Over-specification can arise as a result of a number of 
factors. Perhaps the most important is that below. Although 
over-specification is not a term used by industry 
practitioners, defence of this practice suggests it is often 
considered necessary in order to retain building functionality 
during future development
Consultants / Specialists Fee Structures Specialist engineering fees in UK construction are commonly 
based on the capital cost of building services which 
incentives over-specification.
Commissioning of Buildings The final part of the building delivery chain before the 
building is handed over to the client. Time spent on building 
commissioning is important, not only to ensure that the 
systems are working correctly, but also to ensure that the 
building operators and users understand how to use these 
services to optimal effect. If the project falls behind schedule, 
the commissioning period is often seen as the route through 
which lost time can be clawed back. This can lead to controls 
which don’t work properly, users who don’t understand how 
to use the controls, not least the confrontation this will 
involve between client and contractor, further breaking down 
communication.
Competitive tendering Contractors selected on the basis of least cost alone, 
contractors must pare down proposals to win the contract, 
and their small margins may be maximised by removing all 
non-essential building components. Energy efficiency 
measures are frequently targeted in such cost cutting.
9. What Next?
This process, begun today forms part of a long-term roll out of these approaches and integrating them fully 
into management procedures. Please make sure that you participate fully in the feedback session, as we will 
be determining future training requirements from these opinions. We have the option later in the year, or 
early next year to utilise software trainers from the US in helping you to understand the Energy-10 software 
in more detail.
It is clear, given the barriers we face in achieving substantial improvements in energy efficiency that this is 
not going to be a “quick fix”. In conjunction with training front end users, we are also implementing a 
programme of education for our clients, whose requirements and modes of procurement are critical in 
determining the level of opportunity we can seize. As the expert user group, you will be informed of these 
developments when they arise, and where appropriate we invite you to be involved in the wider initiative.
10. If I have a problem or query?
In the first instance contact 
Andrew Horsley 
ahorslev@carillionDlc.com 
Office: (01902)316306 
Mob (07711)193926
The Energy-10 software has online support where posted internet queries are answered within 24 hours, 
both by the software vendors, and other global users. In the first instance contact me, as I may be able to 
offer assistance more quickly and easily, I will undoubtedly have faced many of the same problems as you in 
learning the way in which the program works.
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“The world is nolonger our oyster, we share It with the oysters.”
(I.G Simmons, 1997)
Executive Summary
The construction industry has been slow to respond to the mounting importance of environmental issues 
compared to most industrial sectors. There appears to be little widespread impetus for the industry to move 
towards environmental responsibility until legislation or competitive market forces necessitate a move in that 
direction. However as pressure is slowly being exerted on the construction industry, environmental issues are 
beginning to influence both current and future thinking.
Construction organisations which demonstrate vision in anticipating future environmental demands will 
undoubtedly place themselves in a position of commercial advantage, able to respond to changing 
environmental circumstance with greater success. Tarmac Building as a part of Tarmac PLC, clearly have 
this vision in mind, and as such were the first and still the only UK construction company to produce an 
independently audited environment report.
The construction industry are faced with a huge challenge in both the short and long term. Waste 
minimisation for example is becoming essential rather than desirable. It seems that public attention has 
shifted somewhat from the high profile polluters which were in the headlines in the eighties and early nineties, 
to other industries. The industry faces a long term challenge in its contribution to more sustainable way of 
living, where construction is expected to play a major part.
Following a review of past and current literature directions of future work are discussed.
2. Introduction: The Environment Catches up with Construction
Against a backdrop of natural change, the impact of humankind upon the environment has never been short 
of profound, and yet only very recently have we acquired "a, sometimes guilty sense of sustainable 
development" (Barret and Curado 1996, p1). This concern has often been seen to stem from Maslow’s 
hierarchy of needs, that is in order to sustain present levels of satisfaction of the higher level needs (social 
esteem and self-actualisation) we are being compelled towards addressing our more basic psychological and 
safety needs of which environmental preservation is just one example.
Self Actualisation Needs
Esteem Needs
Love, Affection and Belongingness Needs
B asic Needs
Safety Needs
Physiological Needs
Figure 1: Maslow’s Hierarchy of needs: The return to basic needs.
Organisations interact with the environment in many different ways and to varying degrees, both directly and 
indirectly. All organisations will at some time leave an impression on the environment as a result of their 
activities. The construction industry is often perceived by the public, whether rightly or wrongly to have 
widespread and significant environmental impacts (Griffith, 1997), but this is perhaps due to the fact that it is 
one of the few industries in which the public are involved as part of their daily lives. Undeniably the effects of 
the construction process are great, and there are “always extensive environmental effects at the project 
workplace” (Griffith, 1997, p4). These effects may be the visible, direct effects such as Land Use, defoliation, 
water/air/land pollution, pollution and noise. But there are also the hidden or indirect effects of the 
construction process such as the production processes and raw materials which are required to produce the 
component parts of a building project. Figure 2 highlights some of the main environmental effects.
Health and 
Safety
Comfort
Disturbance
Waste
Existing Site 
DerelictionLand Use
The Environmental 
Effects of the 
Construction Industry
Water Use of Water
Discharges Resources
Habitat
Destruction
Use of Natural 
Resources
Energy
Consumption
Air Emissions
Figure 2: The Environmental Effects of the Construction Industry. (Adapted from Griffith, 1997, p5)
What the above diagram fails to demonstrate is that the environmental impacts of a construction project do 
not cease upon completion, but another chain of environmental impacts begin, from heating and lighting 
through maintenance to disposal. This theme will be picked up later in the paper.
Despite these “Life Cycle” issues, there are some albeit less fashionable issues which need to be tackled on 
the ground, one of these is the problem of waste. The construction industry is responsible for 70 million 
tonnes of waste each year, which equates to 24kg per week for each person in the UK. The industry is the 
biggest contributor to landfill, and despite the increasing scarcity of landfill sites and ever increasing costs of 
disposal, legislation such as the Landfill Tax are largely failing to fundamentally impact upon the waste 
production problem. Friends of the Earth stated in a recent issue of Building Journal that only if the 
government impose heavy taxes upon landfilled waste will this issue be taken seriously by the industry as a
whole. The construction industry is however deeply embedded in the UK economy however which makes any 
governmental intervention particularly sensitive.
The scope of materials waste within the construction industry is vast, and wastage is a key component 
throughout the industry, irrespective of the size of the organisation, the value and duration of the project or 
the building type. As natural resources become more scarce and more widely appreciated, the wastage of 
such vast quantities of material will be shown in progressively less favourable light, as the economic balance 
between wasting and saving change. It is generally accepted that materials control and avoidance of waste at 
building sites is made difficult due to the nature of the construction process and the involvement of a wide 
range of participants, blurring the natural apportioning of responsibility. Enhassi (1998) recognises three 
major causes of on site wastage;
Cutting: This is often excessive because the deisgn takes no account of the practical sizes of building 
materials, particularly where sheets or tiles are involved.
Rejection: materials quality as delivered may differ from those specified, or be inconsistent in some way. 
They may also differ from the quality required by the architect.
Mishandling: Much waste is related to ignorance. There is often a lack of appreciation as to the value of the 
materials which the operative is handling. Materials are particularly badly handled when there is an evident 
over supply (usually as projects approach completion) and also at the end of the working day.
Of course this only relates to on site activities, other areas which are accountable for the industry’s waste 
crisis include: Poor project information, transportation of materials and storage of materials on site.
During the last decade a great emphasis has been made on the implementation and development of quality 
management systems. For the construction industry, as for other sectors these systems are built to conform 
to standards (usually ISO 9001/2). As the industry begins to move towards the development, standardisation 
and certification of environmental management systems, there is a fear that these too will be oriented towards 
compliance rather than excellence (Barret and Curado 1996, p1). It is also feared that the disillusionment 
which has spread around the industry as a result of implementation of quality systems, will undermine the 
implementation of further systems such as EMS.
The path to accredited environmental management systems in the construction industry is indeed a familiar 
one, in the field of quality within the construction industry a path which progressed from quality control, to 
quality assurance to TQM (Total Quality management) and the inevitable development of ISO standards and 
the certification systems which accompany them. The construction industry now finds itself on the path 
towards the development of accredited environmental management systems.
2. Case Study: Tarmac Building
Public opinion in environmental issues moves in huge surge tides, and yet public appreciation of the 
environment is moving steadily upwards. The construction industry has taken up this environmental challenge 
relatively late in comparison to other industries. Recent newsworthy construction projects have only served to 
underline this fact. Tarmac PLC which incorporates a wide range of construction activities is amongst the first 
to press ahead with basic environmental initiatives.
Tarmac is one of Europe’s largest building materials and construction groups with a growing portfolio of 
worldwide activities, particularly in North America, South East Asia, the Pacific Rim and the Middle East. With 
an annual turnover approaching £3 billion, Tarmac employs around 25,000 people, in operations spanning 40 
countries. The Tarmac group activities can be divided into two principle business streams: Construction 
services, including a range of construction, consulting and other professional services, and Heavy Building 
Materials, which embraces aggregates and building products. From conception and design through to build 
and management, Tarmac are able to supply the necessary expertise for every type of building or civil 
engineering project.
Growing environmental awareness, particularly in the West has put immense pressures upon the 
construction industry to clean up its activities. The construction industry has borne the brunt of the 
environmentalists’ ire over the past decade with projects such as Twyford Down, the Newbury Bypass and 
Manchester Airport arousing strong, even violent public opinion. Tarmac were amongst the first to recognise 
that by promoting 'World Leading' environmental practice they would be able to gain competitive advantage 
through the associated efficiency savings allied to a strengthened public image. Tarmac believe that by acting 
now they will be ahead of their competitors when environmental issues move to the forefront of our 
construction concerns in the next century.
Tarmac are at a learning phase in many environmental aspects, they are keen to stress that if such a vast 
transformation is to occur, then it must do so via a widespread culture change, a culture in which the 
individual understands their active environmental role. If the environment becomes a departmental issue, 
then this sense of communal responsibility is destroyed.
Industry in general is clearly still very much in its infancy in both understanding, and more importantly 
practicing environmental responsibility in order to effect significant positive environmental benefits. It is also 
difficult to assess the extent and depth of public awareness. The changes which are currently taking place 
within the construction industry and the majority of other industries is typically “a superficial change layered 
on top of an unchanged core organisation” (Sexton, 1995). The path to environmentally responsible 
construction is largely uncharted, and a clear direction to the ultimate goal of “sustainable” construction is 
unlikely to be realised for some time.
In 1995 Tarmac established a panel of leading environmental academics and experts to oversee the groups 
activities, to set targets and to monitor progress towards them. Each year the panel produce a report, the 
results of which, both good and bad are circulated extensively in the public domain. The panel are to produce 
their third such report this year. The panel are named the ‘independant environmental advisory panel’, but 
their role is closer to that of auditor, adding weight and credibility to the groups’ environmental achievements. 
Of the major building contractors in the UK however Tarmac is the sole producer of an annual environmental 
report.
The construction industry currently finds itself playing catch-up in the battle for environmental excellence, and 
although faced with a similar challenge as the rest of the industrial world, the unique nature of the industry is 
creating problems. Some of the most basic environmentally based initiatives, such as energy management 
schemes, which are a common feature of corporate environmental reports are difficult to operate and 
manage in the construction industry with its multi-site activities. It is unlikely that the public organisations or 
the public themselves will treat this with any degree of sympathy however, the construction industry has often 
been criticised for its contribution towards environmental deterioration which is becoming increasingly 
tangible. But public opinion is itself clouded by the confusion amongst the environmental experts themselves.
It seems unlikely that many appreciate the depth of situation that the industry finds itself in, the Chartered 
Institute of Building for example state that the way in which the industry should progress is towards identifying 
“the interrelationship of the construction process with the environment” (Bright and Lown 1990). It is through 
this spatially and temporally restricted view that one can understand the way in which the industry finds itself 
at a disadvantage to other sectors of the economy at the latter part of this decade. The construction process, 
with its associated burdens represents only a fraction of the global environmental toll of the activities of the 
construction industry. The construction industry has far reaching environmental impacts, land use, energy 
and natural resource depletion, pollution, and the impacts of the associated upstream industries. The 
traditional character of the construction industry however has largely allowed it to escape environmental 
concerns whilst the high profile offenders were caught beneath the glare of public opinion. This temporary 
reprieve has done the industry no favours in environmental terms, and now the public attention has shifted, 
the industry finds itself a long way behind, with neither the resources or the visionaries to press ahead 
environmental initiatives with sufficient vigour. Despite this, over the last few decades the activities of this 
sector have been increasingly scrutinised.
4. Government Legislation: The Landfill Tax
One of the most widely known examples of government legislation relating to the construction industry is the 
landfill tax. As from October 1996 all waste deposited in landfill sites has been subject to a tax collected by 
HM Customs and Excise. The tax is based on the weight of the waste to be deposited, thus applying a 
“polluter pays” principle. The legislation aims to “promote a more sustainable approach to waste management 
by providing an incentive to dispose of less waste to landfill and to recover more value from waste, e.g:
through recycling etc” (NCSA, 1997, p228). The waste is taxed on the basis of its environmental risk, those 
with a higher risk attracting a premium of £7 per tonne, otherwise £2 tonne, some wastes are exempt.
As one of the primary contributors to landfill, the construction industry has been one of the prime targets of 
this piece of legislation. According to Friends of the Earth however, the legislation has generally failed to 
impact greatly the amount of waste the industry produces. The Landfill Tax accounts for only 0.08% (on 
average) of builders total costs, which is not a powerful enough incentive to drive waste minimisation and 
recycling incentives. Friends of the Earth have stated that the “construction cowboy element has responded 
to the levy by increasing fly-tipping and increasing waste at civic amenities sites”. Other construction 
companies have legally stepped up their non-taxable dumping methods which were de-regulated in the 1994 
Waste Management Licensing Regulations, such as the landscaping of housing estates.
But with approximately 90% of EU waste disposed in this manner, and with sites becoming increasingly 
difficult to locate for a number of reasons, both technical and social this is a problem which is will not simply 
go away. The term landfill is becoming ever less accurate: “land disposal” is often more appropriate as waste 
is “piled up on land which is then treated and developed for further use” (NCSA, 1997, p226)
It is these fundamental failings which lead to the conclusion that at the moment the construction industry is 
not being environmentally driven by legislation. There is a certain commonality here with the debate about car 
usage, i.e.: only when petrol is exorbitantly expensive will the public begin to think about the ways in which it 
uses the car.
New legislation which is expected to impact the construction industry is that concerning waste packaging. 
From the 1®‘ of January 1997 all businesses involved in the supply chain which handle more than 50 tonnes 
of packaging material and/or packaging a year has to join a registered compliance scheme. Targets for 
recovery and recycling depend upon the stage of the packaging chain at which individual businesses find 
themselves. The individual and national targets are outlined below.
UK National Targets:
1998/1999/2000:40% Recovery and 8% recycling by material 
2001and subsequent years: 50% recovery and 15% recycling
Packaging Chain: % of recovery and recycling target to be met by each sector.
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Figure 3: Producer Responsibility Obligations for the European Waste Packaging Regulations (NCSA, 1997)
Exactly where the construction industry fits into this is rather uncertain, since the role played by the 
contemporary construction company is that of contractor management, highlighting where the responsibility 
lies demonstrates a problem which crops up frequently within the industry. Although the impacts of this 
legislation are yet to be felt, the concept of producer, or end user responsibility is becoming increasingly 
important within waste management streams, and if this legislation sets the precedent for what is to follow the 
role of the construction company will need to be more clearly defined.
5. Indicators of Environmental Performance within the Construction Industry
Of course the environmental performance of the finished product is an intrinsic component of the role of the 
construction company in promoting good environmental practice. The field of environmental assessment of 
buildings, both complete and those in the design/development stage has come a long way since it became 
prominent in the late 80s and early 90s. The range of environmental performance criteria which relate to 
buildings are potentially enormous, but these assessments are developing not only in in terms of their 
accuracy, but also in terms of their application. Environmental assessments are developing towards a more 
predictive tool, rather than simply assessing current structures.
Environmental assessment methods are defined as “those techniques developed to specifically evaluate the 
performance of a building design or a completed building across a broad range of environmental 
considerations" (Cole, 1998, p5). It provides information about the degree of success at meeting a desired 
level of performance and guidance for remedial work on one hand and feedback to designers on another. 
The assimilation of information gained through environmental assessments can form part of a broader 
framework towards creating change within the industry. One of the most widely used environmental 
performance indicators over the past few years has been the Building Research Establishment 
Environmental Assessment Method (BREEAM) (Prior, 1993) which sparked a flurry of activity in this area, 
being the first substantive attempt at bringing together a number of environmental performance criteria within 
a single measure.
The issues which are included in such assessment varies, and whilst it is relatively straightforward to compile 
a list of relevant environmental criteria, it is somewhat more difficult to group them into meaningful and well 
prioritised categories. There are currently a number of methods of assessment on the marketplace, each 
developed to serve the specific requirements of the contexts in which they were developed. For example the 
BREEAM assessment recognises 18 environmental criteria which are divided into 3 spatial scales, global, 
local and indoor. Another method of assessment presented by Larsson (1993), C-2000, uses 170 criteria 
ranging from energy efficiency, through safety and comfort factors to a number of specific comfort factors. As 
such this method of assessment was designed for internal use, and not as a marketing tool.
As the field of environmental assessment within the industry begins to mature, practitioners are beginning 
to embrace the concept of sustainability and other issues which are facing the industry in the latter stages of 
the 1990s. Several contextual issues which are beginning to emerge are:
• An understanding of the concept of sustainability and the role to be played by construction.
• Adoption of life cycle methodologies.
• Globalisation and Standardisation.
It is generally accepted that these issues will herald a move towards second generation environmental 
assessments. First generation systems, such as the BREEAM assessment were generally used under a 
framework to encourage greater environmental responsibility within the industry- “that is, they attempt to 
measure and promote improvements in the environmental performance of buildings relative to current typical 
practice or requirements” (Cole 1998, p12). But in order to embrace the ‘new’ agenda their emphasis must be 
quite different, as issues such as sustainability embrace not only environmental criteria, but also socio­
economic dimensions spanning local and global scales.
6. Towards Sustainable Construction?
The way in which we perceive the environmental impacts of the products and services we buy is being 
transformed by a newly developed management tool known as Life Cycle Assessment. Life cycle thinking is 
not new, and can be seen as a natural progression from the framework set down by Integrated Pollution 
Control (IRC) which formed the basis of the 1990 Environmental Protection Act. This concept attempts to 
integrate the environmental impacts of any manufacturing activity, ensuring that any improvement in one 
emission for example, is not counteracted by an increase elsewhere. IRC however still only concentrates on a 
tiny segment of the whole life cycle of the product for which raw materials must be extracted, processed, 
manufactured, used and disposed. This “cradle to grave" view is the foundation of the Life Cycle Assessment 
procedure, which considers the environmental impacts of each phase in a controlled manner. The level of our 
thinking within Life Cycle Assessment far exceeds the level at which it is currently being practised, for this is a 
complex and often perplexing tool. Life Cycle Assessments have often led to conclusions which appear quite
10
contrary to those of environmental pressure groups, this concept no doubt explodes some of the perceived 
wisdom we have carried from the 'green decade’ of the 1980s.
The Society of Environmental Toxicology and Chemistry (SETAC) has been a leading light in the 
development of LCA methodologies for many years. Their published definition of the concept is as follows:
"Life Cycle Assessment is a process to evaluate the environmental burdens associated with a 
product, process or activity by identifying and quantifying energy and materials used and wastes 
released to the environment; to assess the impact of those energy and materials used and releases 
to the environment; and to identify and evaluate opportunities to effect environmental 
improvements. The assessment includes the entire life cycle of a product, process or activity 
encompassing extracting and processing raw materials; manufacturing, transportation and 
distribution; use, reuse, maintenance; recycling and final disposal" {SETAC 1991)
LCA dates back to the 1960s, and its first substantive applications were in energy analyses of industrial 
systems undertaken during that period, but particularly in response to the oil crisis of the early 1970s. The 
Coca-Cola company invested in a methodology developed by Midwest Research institute (now Franklin 
Associates Inc.) known as Resource and Environmental Profile analysis (REPA) in order to compare the 
impacts of various beverage containers on natural resource depletion and the environment (Hunt et. al. 
1992). The concept was not visited again until the 1980s, the decade of environmental hysteria, and it was 
not until the early 1990s that it was developed into a coherent and well documented management tool.
Life Cycle Assessment as a method of assessing the total “cradle to grave” environmental impacts of a 
product or service is rapidly gaining credibility and cohesion in the industrial world, the construction industry 
have, at least in the UK, failed to gain widespread appreciation of this important management tool. The 
appreciation of life cycle thinking within the industry is beginning to increase, partly due to the increasing 
environmental pressures placed upon the construction industry, and partly due to the nature of the 
construction projects themselves.
As a consequence of growing pollution and global warming problems, allied to ever tightening legislation, the 
building sector is engaged in finding more sustainable approaches for future construction and management of 
building structures. Despite a number of schemes and initiatives to reduce wastage and energy consumption, 
it is only through a life cycle framework that a better understanding of the environmental consequences of a 
building project will become apparent. The life cycle of a building structure consists of a number of phases: 
(see fig 4).
In each of these phases energy is consumed, and emissions to air, water and land take place. The service 
life of the product is particularly long compared to many such subjects of LCA analysis and there are 
considerable uncertainties throughout this life-span which complicate the analysis.
The current wave of environmental concern which is spreading around the construction industry focuses 
almost solely on minimising the environmental impacts of the construction phase. The upstream and
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downstream effect of this phase are rarely considered. One a building has been handed over to the client it 
will continue to impose an environmental burden, both active and passive, it will need heating, lighting, 
decoration, repair and maintenance. Downstream effects of the production of the construction materials are 
too given little critical attention.
The adoption of LCA methodologies requires a culture shift not only within the construction industry, but also 
within the clientele who must look upon increased capital costs with a similar life cycle viewpoint. Before the 
client is likely to swallow higher capital costs It must be proven that there are benefits, for example lower 
maintenance costs and reduced environmental burden.
yarrymg
odudk
; Recycling
G  !
Energy Source 
Environmental Impacts 
---------------- ». Energy and Resource Fio\ws
Hgure 4: Generalised life cycle assessment of a building (adapted from Fossdal and Edvardsen, 1995)
"he selection of building materials based on a life cycle analysis often involves a compromise of properties: 
what may appear to be an environmentally sound product in one respect may exhibit compromising qualities
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in another” (Friedman and Cammalleri, 1995, pi 62). For example aluminium in one respect releases no 
harmful emissions and is a durable and recyclable building material, however the process of raw material 
extraction and manufacture is extremely energy intensive. On the other hand high formaldehyde emissions 
from particle board products an seriously degrade indoor air quality, and it is very difficult to recover for 
recycling purposes. During the manufacturing phase particle board is extremely efficient however, since it is 
made almost entirely of wood scraps and sawdust, curbing the extraction of further raw materials, (examples 
taken from Friedman and Cammalleri, 1995, pi 62)
The goal in the selection of environmentally sound construction materials is to maximise the use of recycled 
materials where these are appropriate and to ensure that mining and other processes of raw material 
extraction to not pose a threat to our diminishing resource base. The amount of energy which goes into the 
product at each phase of its life cycle: its embodied energy should be minimised from extraction to disposal.
The impact of the built environment on our internal and external environment is considerable. Construction 
accounts for a vast proportion of global COg emissions, and buildings consume 46% of the total UK energy 
demand, more than both industrial and transport sectors, and are accountable for 48% of UK carbon dioxide 
emissions. Construction is largely an assembly industry and does not emit large quantities of COg by its direct 
activities. “Rather the sector assembles components from the manufacturing industry that have already done 
so.” (Edwards, Harris and Holt 1996, pi 01) This poses a problem of responsibility: should the construction 
industry be accountable for emissions from producing the primary components? A life cycle viewpoint puts 
this responsibility with the construction company since they have the power to select materials based on such 
environmental credentials.
The example of the construction industry highlights some of the key advantages of using LCA methodologies 
as a framework for environmental management and accounting. It also highlights some of the complications 
and pitfalls which are inevitable. The complex energy and resource streams which are an inherent feature of 
the construction industry place untold pressures upon the accuracy and precision not only of the data, but 
also of the practitioner.
Special Projects is a division of Tarmac Building which deals almost exclusively with UK Private Finance 
Projects, such projects frequently involve not only design and build functions, but also management of the 
product for 25 or more years. This places a unique set of decisions and constraints on the design team. 
Many people within the industry see this type of practice being used more widely in the future, and it is clear 
within these projects where life cycle thinking would be beneficial.
The environmental performance of the construction industry clearly falls into a much wider debate of 
environmental sustainability. The difficulties of meeting the demands of modern living with its associated 
transport and other requirements along with maintaining a good quality environment for current and future 
generations have long been recognised.
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“Thus the essential paradox of a sustainable society is the conflicting requirements of providing the 
flows of production and consumption needed to maintain a good quality if life for all humankind, whilst 
simultaneously sustaining the local and global environment and biodiversity” (Curwell & Cooper, 
1998, pi 7)
But these problems are compounded by other factors:
• The increasing urbanisation of society, nearly two thirds of Europeans now live in urban areas.
• The longevity of buildings and city infrastructure (60-100 years are not uncommon for individual buildings)
• The very large quantities of resources which existing cities contain and which are consumed annually to 
continuously develop, maintain and use them.
When all these factors are considered together then one might conclude that the built environment sector 
presents one of the most significant challenges within the sustainability debate, in terms of the development 
of a collective aspiration for better quality, more sustainable patterns of living and the time it will take to put 
these ideas into effect given the low rate of turnover of the urban infrastructure. (Cooper and Curwell 1997). 
Given the above one might expect the construction sector to occupy the forefront of the moves towards 
sustainable communities. This does not currently appear to be the case, but following the Earth Summit in 
Rio 1992, local municipalities have been faced with the development of local plans for implementing Agenda 
21. It can only be a matter of time before developers and designers of buiding structures are faced with 
sustainability issues.
Sustainability has a multitude of meanings and sceptics believe that in its current guise it can only be noted 
for its inconsistency and lack of concensus. Indeed sustainability is a fuzzy notion, which does not help 
industry embrace and uphold the concept. Over the last few years however a degree of clarity has aided the 
debate. Mitchell (1995) identifies 4 principles of sustainability (see figure 5):
EnvironmentFuturity
\ ;^ rtiopa-
Public
Participation Equity
Figure 5; The 4 Principles of Sustainability
The development of consensus about how we should move towards more sustainable lifestyles has been 
addressed by a Norwegian academic, Dr Karl-Henrik Robert. Dr Robert attempts to desicribe the
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fundamental environmental laws which underpin a sustainable society, in principles known as The Natural 
Step. His beliefs have been widely endorsed by leading academics and Industries (Including Electrolux and 
IKEA) across Scandinavia. In the UK these principles form part of an organisation known as Forum for the 
Future headed by Jonathan Porrit. Dr Robert’s principles have largely gained widespread acclaim due to his 
emphasis upon what is generally agreed and accepted rather than what is not. This approach admits that 
the answers to the “Wide and complex problems facing society are not clear and so it returns to basic science 
as the foundation of a consensus view:” (Cunvell and Cooper 1998, p20)
The construction industry must rapidly come to terms with the broader environmental and social agenda that 
forms the concept of sustainable development. The construction industry clearly has a key role to play, since 
the physical and structural arrangement of communities is central to the concept of sustainable development. 
But what will the drivers be behind the process of change which must take place in order for us to achieve 
these sustainable principles. Jonathon Porritt of Forum For the Future in a recent Natural Step business 
seminar believes that consumers are not currently having an influential role, they are educating the public 
rather than vice versa. He also notes change in the relationship between industry and the NGO’s who he 
sees as important drivers for change. NGO’s are now working constructively with industry through the belief 
that more can be accomplished this way. There is very little evidence to suggest that investors and “the city” 
have a significant interest in forging this process of change. The role of the government is somewhat 
uncertain, they are generally ambivalent about their role as regulators, some believe that increased regulation 
improves business performance whilst others think it leads to increased costs and reduced competitiveness. 
The role of leadership within companies is beyond dispute, many of the leading companies on the route to 
sustainable practice are doing so through the vision and commitment of their Chief Executives. This vision 
must herald a move away from traditional practices towards a sustainable mission (see figure 6)
Tomorrow
Clean Technology 
(Technology)
Internal
Pollution Prevention 
(Process)
Sustainable Vision 
(Mission)
Product Stewardship 
(Products)
External
Today
Figure 6; The sustainability Portfolio (Adapted from The Natural Step 1998)
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The point raised above concerning the relationship between industry and the NGO’s highlights an interesting 
point. Many companies have stopped reporting their environmental success stories and their initiatives 
because they are concerned about the possibility of backlash from the media. “In general the environment 
has become ’boring’ for the media, has become institutionalised and part of the mainstream, and lacks the 
edge and campaigning interest it used to have for the media.” (Porritt, 1998)
7. Research Perspectives
It is clearly a very exciting time to be involved in the environmental debate within the construction industry. 
Of course with a very general brief, the problem is one of narrowing the topic down to a manageable level 
whilst still making an important contribution to knowledge. Tarmac building readily admit that they are at a 
learning stage at in almost all stages of environmental knowledge and research. One of the key’s to their 
success will be the culture change, perhaps the biggest challenge of the construction industry as a whole.
As I am working through an industrial sponsor organisation, it is important that my research does not focus 
too much towards the long term, sustainable development route since their are several key “on the ground” 
issues which require urgent attention. It is equally important that I don’t become too bogged down with short 
term issues. My work will therefore be structured to deliver a number of short and long term deliverables.
Life cycle assessment is a theme which I would like to carry forward, it brings together a number if themes 
which face the industry and brings about a totally new way of thinking about the interaction between industry 
and the environment. LCA has largely failed to gain widespread application in the construction industry, this 
can be attributed to a number of factors, not least the fact that the construction industry has largely been out 
of the public gaze until the past few years, but also the fact that the construction process involves a large 
range of complex resource streams. Tarmac have been interested in the concept of Life Cycle Assessment 
and Life Cycle Costing for some years now but have never had the resources or expertise to turn the concept 
into a workable business tool.
My first six months have largely been spent immersing myself in the contemporary environmental issues 
which face the industry. Having joined the programme straight from university, I had no previous experience 
of the construction industry, nor indeed of industrial issues in general. This has in many ways helped me gain 
a fresh perspective on the issues and challenges facing the industry. It would have been so easy to start 
collecting data on the first day and spend hours in hibernation over the analysis, but this would have been to 
miss the point. The truth is that the industry is facing some real environmental challenges which are complex 
and intertwined, the considerations and constraints in which are largely unique to the construction industry, 
which makes solutions more difficult to realise and resolve.
In many ways construction is a unique industry, the role of companies like Tarmac is increasingly moving 
towards sub-contractor management. Having spent some time in the Marketing department is has become
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evident that the environment is currently not a driver in the markets in which Tarmac Building operate 
(except for some discerning clients) but is used rather as a differentiator in an extremely competitive market. 
But I feel that Tarmac are not entering the environmental debate for short term gains, they believe that by 
facing some of the fundamental environmental challenges now, they will be ahead of their competitors when 
environmental issues move to the forefront of our construction concerns in the next century. There is a 
general feeling in the marketing department that the environmental initiative is currently running without a 
focus, their appears to be no clear driver behind the process. This is indeed a valid observation and one 
which will need addressing in years to come, at the moment Tarmac are undergoing the ‘greening’ process, 
but as they begin to engage with issues such as sustainability they will need to focus the aims and objectives 
of their initiatives. The drivers behind the construction industry’s environmental initiatives is indeed an 
interesting issue, and one which I may choose to spend some time in the future, will it be clients, the general 
public, investors or environmental pressure groups for example.
Private Finance projects form the bulk of business for Tarmac Special Projects. Design, build and manage 
projects are deemed to be the way of the future, and these projects place different constraints and 
perspectives on the part of the contractor. If the construction industry were able to foster a closer working 
relationship with their clients through providing an environmental and economic overview of a structure over 
its entire life cycle, then this would herald a new era in construction. This is however a far cry from the 
situation the industry currently finds itself in, where in many projects location, materials and specifications are 
essentially fixed. It is only in these private finance projects where Tarmac have sufficient control over the 
building process to demonstrate how effective life cycle thinking could be.
Timescales for Development.
I feel that I am now approaching the end of my “induction” period and have a good grasp of the issues which 
face the industry. I must now take stock of my experiences and evaluate how they can be built into a four 
year programme of research. Tarmac are keen for me to impact as significantly as possible on the company, 
and indeed this is my personal intent. I must be careful however that I do not lose track of the doctorate 
programme and the remit of my research. The development of life cycle methodologies will enable me to 
achieve all of these deliverables, maintaining strong links with the university which has a very active LCA 
forum, whilst making significant contributions to the workings of the company and to knowledge in the field of 
environmental technology in general.
Assigning timescales for my personal development is very important as it will not only generate discussion 
between my supervisors as to where I should be by when, it will also allow me to set myself personal targets. 
Over the next month I aim, largely in my own time to continue and focus my literature review. As I have 
mentioned in my project plan the Swindon Hospital project is one in which I see this project developing, being 
at a suitable stage for the development of life cycle methodologies to their full potential. It is hoped that if this 
methodology is successful it will filter down through the regional businesses from this one pilot site. Obviously 
I aim to get involved with the workings of this site at an early stage, perhaps within the next month or so. I
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have started to think about my conference paper, and have sketched a few ideas down, although I don’t want 
to commit myself too much at this stage!!!!. I hope that my ideas will clarify as I begin focus my literature 
review.
Objectives for First Six Months:
• To immerse in the environmental issues facing Tarmac Building and the construction industry in general.
• To get involved with some of the current environmental initiatives.
• To develop the relationship between myself and my supervisors.
• To identify a suitable longer term research theme.
Progress:
All the above objectives have been achieved to a standard which I believe is satisfactory given the stage of 
project development. The contact with my academic supervisor has been less than we would both have liked
over this period, this is largely due to his move between the participating institutions. I will be looking for more
effective and creative ways of involving my supervisors in my work over the next 6 month period. My work will 
be looking into how the construction industry can influence their supply chains and clients through the 
application of life cycle thinking.
Objectives for Next Period:
• To develop the identified research theme in consultation with my supervisors.
• To develop closer links with the university and my academic supervisor.
• To write and deliver a research paper based on an aspect of my work.
• To spend more time “at the workface”.
• To work more pro-actively and independently.
Andrew Horsley 30-3-98
18
Bibliography
Adalbirth, K (1997) Energy Use during the life cycle o f buildings: A Method Building and Environment 
32,4 p317-320
Ashworth, A (1997) Obsolescence In buildings: Data for life cycle costing Chartered Institute of Building 
Construction Papers No 74
Bradley-Guy, G and Kibert, 0 . J. (1998) Developing Indicators o f Sustainability Building Research and 
Information 26,1 p39-45
Buchanan, A. H. and Honey, G. H. (1994) Energy and Carbon Dioxide implications o f building  
construction  Energy and Building 20 p205-217
The Chartered Institute of Building (1990) Building a greener future- Environmental Issues facing the 
construction Industry. Occasional Paper No 49
Clift, Prof R. (1993) Pollution and Waste Management I: Cradle to Grave Analysis Science in Parliament 
50,3
Cole, R. J. (1998) Emerging Trends In Building Environmental Assessment Building Research and 
Information Special Issue 26,1 p3-16
Cowell, S. J, Hogan, S and Clift, R (1997) Positioning and Applications o f LCA LCANET Theme Report.
Cowell, S. et. Al (1997) Life Cycle Assessm ent Introductory Manual, University of Surrey
Curwell, S and Cooper, I (1998) The Implications o f urban sustainability. Building Research and 
Information Special Issue 26,1 pi 7-28
Curwell, S. Hamilton, A. and Cooper, I. (1998) The BEQUEST network: Towards sustainable urban 
development Building Research and Information 26,1 p56-65
Derek, T and Clements-Groome, J. (1996) Future horizons In building environmental engineering  
Building Research and Information 24,2 pp86-95
Edwards, D. J, Harris, P.T and Holt, G. D (1996) The greenhouse effect; Impact upon and the role to be 
played by the construction Industry  Building Research and Information 24,2 pp99-103
Enhassi, A (1996) Materials control and waste on building sites Building Research and Information 24,1 
p31-34
Enhassi, A (1997) Construction projects and the environment In Palestine Building Research and 
Information 25,2 pi 10-114
European Environment Agency (1997) Internet Web Site: http/eea.dk.com
Fossdal, S and Edvardsen, K. I (1995) Energy consumption and Environmental Im pact o f  Buildings  
Building Research and Information 23,4 pp220-26
Friedman, A and Cammalleri, V  (1995) The environmental Impact o f building materials In the North 
American building Industry BuMmg Research and Information 23,3 pp 162-66
19
Geraghty, P. J (1997) Environmental Auditing and the development Industry  GIB Construction Papers 
No 73
Goldberg, R (1992) The Big Picture: Life Cycle analysis, Academy of natural Sciences Web Site 
http:/www.acnatsci.org/erd/ea/big_pictire.hmtl
Griffith, A (1997) Environmental management In the construction process  The Chartered Institute of 
Building Construction Papers No 75
Hailing, H (1992) Life Cycle Assessment for the Nordic paper Industry. Report to Nordic Industrial Fund
Henderson, H (1991) Paradigms o f Progress, CESD
Interface UK Ltd (1997) The 1997 Sustainability Report \n\edace uk.
Kirkpatrick, N (1996) Life Cycle Assessment: Practical considerations concerning Its use as a decision 
support tool. Ecobalance UK
Kuta, R (1991) cited in Goldberg, R (1992) The Big Picture: Life Cycle analysis. Academy of natural 
Sciences Web Site
http:/www. acnatsci .org/erd/ea/big_pictire. h mtl
Larsson (1993) cited in. Cole, R. J. (1998) Emerging Trends In Building Environmental Assessm ent 
Building Research and Information Special Issue 26,1 p3-16
Mitchell (1995) cited in Curwell, S and Cooper, I (1998) The Implications o f urban sustainability. Building 
Research and Information Special Issue 26,1 pi 7-28
Moore, J and Uren, S (1998) Environmental Issues within the construction Industry. Stanger Impact: 
Winter 1998
NCSA, (1997) Pollution Control Handbook, NCSA
Oka, T., Suzuki, M and Konnya, T (1993) The estimation o f energy consumption and am ount o f  
pollutants due to the construction o f buildings Energy and Buildings 19 p303-311
Pesso, C. (1993) Life Cycle methods and applications: Issues and Perspectives. Journal of Cleaner 
production 1,3-4
Sexton (1995), Cited in. Cole, R. J. (1998) Emerging Trends In Building Environmental Assessm ent 
Building Research and Information Special Issue 26,1 p3-16
Simmons, I.G (1997) Lecture: University o f Durham Geography Dept.
Sui-Pheng, L and T. L Tan, S. (1997) The measurement o f ju s t In time wastage fo r a public housing  
project In Singapore Building Research and Information 25,2 p67-79
The Natural Step U K (1998) Notes from Sustainability Business Seminar, Ashlyns Hall Jan 1998
20
TP
Waste IWmmisaOon and Gleaner Practices for the 
Construction Industry
Research Engineer Andrew Horsley 
Industrial Supervisor Barry Quatermass {Technical Services Manager, Tarmac Special Projects) 
Academic Supervisor Dr Chris France (CES, University of Surrey)
30-9-1998
EngD Environmental Technology: Twelve Month Report
Waste Minimisation and Gleaner Practices fer the Constmctien industry
12 Month Report 
25"' September 1998
Contents:
1. Introduction................................................................................................................................  3
2. Life Cycle issues in Construction..............................................................................................  3
3. The Private Finance Initiative....................................................................................................  5
4. The Egan Report “Rethinking Construction”.............................................................................  7
5. Research Perspectives.............................................................................................................  9
6. Bibliography............................................................................................................................... 11
7. Appendix.................................................................................................................................... 12
“tree is leaf and leaf is tree - house is city and city is house - a tree is a tree but is also a huge leaf- a leaf is a 
leaf but is also a tiny tree - a city is not a city unless it is also a huge house - a house is a house only if it is also 
a tiny city” (Aldo van Eyck)
1. Introduction:
The construction industry is currently facing change from all angles. The recently published government 
documents “Opportunities for change: Sustainable Construction” and “Rethinking Construction” known as the 
Egan report, call for change across many of the industries activities.
It is clear that any research project within the industry needs to be focussed on these demands, and their 
research adapted accordingly.
The objective of this report is to set my research in the context of some of the wider challenges facing the 
industry in preparation for the production of a full project plan.
The full project plan is forecast for the end of October which will discuss in more detail how these ideas will 
develop into future research objectives.
2. Life Cycle Issues in Construction
When considering product life cycles, it is not buildings which spring to mind. Buildings can have long use 
phases which may often outlive researchers in the built environment. There are a number of uncertainties in the 
product life cycle, ownership and use of the building for example, obsolescence: which differ from other 
products. A car for example, although it may change owners a number of times is still used to fulfil the same 
function throughout its life. Buildings however may not only change owner, but may also change their function.
Obsolescence in buildings is a complex issue, all around us in our towns, cities, and even villages 
redevelopment is taking place, as the old structures make way for the new. “Buildings are not usually 
demolished because they are literally worn out, but for other, more mundane reasons” (Smith, 1998). A building 
can be described as obsolete for structural, economic, use, or social perspectives, but buildings are rarely 
demolished because they are structurally obsolete.
Demolishing one building and disposing of most of the materials, only to build another one (regardless of its 
environmental credentials) seems to be the worst possible environmental option, but the "capitalist imperative 
which ignores real economic costs” (Daly and Cobb, 1989) has produced an economic environment in which it 
is favourable to demolish sound buildings and replace them with new ones. Social considerations are equally 
powerful drivers behind this process. The terraces which formed the slums of the 1950s and 60s were 
demolished; we are now in the process of demolishing the tower blocks which replaced them to make way for 
more traditional developments, not dissimilar to the terraces.
Building materials, derived from primary resources, produce a number of environmental impacts as a product of 
their extraction and manufacture. The ways in which these materials are used also has a number of direct and 
indirect environmental impacts. In a recent North American survey of architects and engineers 68% thought that
environmental considerations were important when specifying structural materials. It is not made clear however 
what priority these considerations were afforded (Kozak et. al., 1996).
"Business researchers have developed many sophisticated methods to measure productivity, to quantify profits 
and to gauge increased quality and performance" (CWC, 1998). Life cycle assessment is rapidly emerging as 
tiie preferred business tool for analysing environmental performance of products and services (Smith et. al, p60 
1998). The construction industry procures many products which have already been subjected to LCA studies, 
which in some respects eases the process of gathering and collating data. Figure 1 shows how. using an 
example of a door, that a single small element of a building can have a complex life cycle. However until 
internationally accepted LCA standards and protocols have been adopted by the professional bodies such as 
the ISO, there is wide scope potential for the misuse of LCA. Those who must make informed choices based on 
the results of life cycle analyses, usually consumers (which in this case is a secondary industry), face a 
minefield, often involving irreconcilable environmental trade-offs.
Life cycle assessment in the construction industry is still very much in its infancy. As to how this situation will 
develop, there are a wide range of opinions and viewpoints ranging from "LCA will provide a valuable tool in 
helping towards the goal of achieving sustainable construction" (Howard and Edwards, 1998, p23) to "It is not 
possible to make a complete breakdown of the total environmental impacts of building work... LCA studies are 
unlikely to become a widespread tool in the complex reality of building and construction projects" (Pilvang, 1998, 
pi 14). What is missing however, are case studies to substantiate these disparate claims. Indeed construction, 
with its complexity of resource streams, energy and waste flows, is an application fraught with potential 
problems. LCA can easily be misused in this situation, the environmental impact of individual building 
components is diverse and suppliers are keen to emphasise the best attributes of their materials which are 
often difficult to compare. It is therefore imperative that construction companies use a consistent package of 
criteria against which environmental performance can be judged.
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Figure 1: A typical life cycle analysis of a door (taken from Smith et. al 1998)
There are very few examples of the way in which environmental life cycle assessment has been utilised in 
construction, one of the most powerful examples however is the work of Smith (1995, 1997). Smith 
demonstrated that with careful consideration of eco-design principles the environmental impact of a structure 
could be reduced by up to 70%. Smith demonstrated this with 2 housing designs in Scotland, one a standard 
housing design of typical block construction, and a design taking account of ecological criteria, with a timber 
frame construction. The materials used in the eco-design had to be commonly available practical options, 
utilising proven standard technology and processes. The results of Smith’s study are outlined below:
Item C6ritrt)l
(Eco-Points)^
ECO Type 1 
(Eco-points)^
Construction and Major Repairs 12.8 3.82
Transport of Materials 1.1 0.51 . .
E n e i^  for Space Heating 109 , 273
Disposal o f Materials 0.49 0
Whole Life Totals (60 yrs) Excluding 
Space Heating.
14.39 4.33 m m * '
Whole life totals (Sp yrs) 123.39 31.63 ' "74 ' ' "
(Smith, 1995)
This research clearly demonstrates that the use phase of a building, and in particular the space heating is where 
the most profound environmental impact takes place. It is encouraging to see however that dramatic reductions 
in environmental impacts can be made at this phase, as in each other element of the life cycle.
What we have mainly concentrated on so far is the materials intensity of the construction industry, but as the 
example above suggests; energy intensity is equally important.
“It is depressing to have to admit that fully air conditioned glass-clad towers are still being erected
from Australia to the Gulf and the Arctic to Singapore. It may not seem very important to our daily liyes 
that for instance the Antarctic ice cap is melting at an increasing rate and that flowering plants are 
creeping ever northwards in Spitzbergen, but these and many other phenomena confirm the reality of 
global warming which will have a quite radical effect on the life of the whole planet if it continues to 
accelerate in such a fashion. Before the end of the working life of some of the glass towers now being 
built, their feet could be washed by the waves of the seas that their excessive use of energy has helped 
to raise.”
Architectural Review, 1179, 05/1995, p4
Vast amounts of energy is consumed, wasted in heating and cooling of our buildings, and yet the term “green 
buildings” for some designers still means little more than the use of more energy efficient light bulbs or an extra 
few millimetres of insulation in the lofL Whist we must be careful not to rebuff these initiatives (because they 
undoubtedly help), they clearly do not go far enough.
In the light of the quote from the Architectural Review, it is concerning to hear that due to a projected increase in 
the number of households and commercial space, rising levels of disposable income and resultant consumption.
and rising standards of internal comfort allied to rising levels of household and commercial equipment that future 
projections for UK energy consumption show increases of between 11 and 20% per decade. Increases in 
energy consumption in the developed world pales into insignificance however when we leam that spiralling 
population growth in the developing world will contribute to a 44% increase in the global emission of greenhouse 
gasses by 2020.
The quest for the homogenous intemal climate has led to designers attempting to “design-out” extemal climatic 
influences. There are some strikingly effective examples however of designing in harmony with our environment 
can reap real long term economic benefits. One of the most extreme examples is that of the Rocky Mountain 
Institute in Colorado. Despite of the location: a mountainside at an elevation of 2165m where the winter 
temperature can fall as low as -40°C, the buildings heating supply is almost solely its occupants, and the sun. 
Two wood fired bumers which are occasionally lit account for less than 1% of the energy requirements of the 
building. This is achieved through super-insulation to the floor, walls and roof, all windows are double glazed 
with argon filled cavities which reduces the heat loss through the windows. Appliances used in the building such 
as fridges, computers and photocopiers have been chosen on the basis of their energy usage. It has been 
estimated that the building uses 10% of the energy of a more traditionally constructed building in similar 
conditions. Savings of 99% of space and water heating costs, and 90% of the household electricity costs are 
believed to have offset the additional costs of construction. (Weizsâcker et. al. 1997)
This obviously represents a significant increase in initial construction cost, but Smith’s study of 1995 (discussed 
previously in table 1) suggests that energy consumption and its associated environmental and financial costs 
can be dramatically reduced with only a modest increase in construction cost Two houses, one built under 
current UK Building regulation standards using standard central heating technology and the second with high 
levels of insulation and a shared gas condensing boiler to provide heating. Computer forecasts suggested that 
over a predicted 60 year life-span the “green” house would cost £6500 less to run (at today’s prices), a 
combination of maintenance and repairs and space heating. Yet the increase in construction costs was only a 
little over 1%.
3. The Private Finance Initiative
Launched in 1992 by the then Chancellor of the Exchequer Norman Lamont, the Private Finance Initiative 
(PFI), was set against a backdrop of widespread privatisation during the 1980s, in which many state owned and 
operated institutions were sold off to the public sector in a drive to "free up the economy, allowing competitive 
market forces to dictate and reduce public sector inefficiencies and overspending" (Owen & Mema 1997, pi 63). 
The essence of PFI is to provide funding for the capital projects and operate a facility to provide a public service. 
In certain sectors, such as healthcare, PFI has been the answer to previously critical NHS problems. It may also 
prove to be a blessing in disguise for the construction industry who have been placed through an evolutionary 
trail, teaming about aspects of their business once concealed in traditionalism. This is not to say however that 
PFI has been without problems. There appears to be widespread frustration about the numbers of projects 
which have reached financial close, which has been fewer than initially anticipated. Although industry spectators
suggest that "the construction depression is the only reason why current PFI operators are in the market" 
(Tolford, 1996), only time will tell whether this costly form of bidding will survive in a stronger climate.
PFI brings the construction industry into contact with risk over a greater segment of the life cycle of a building. 
This greater exposure to risk is somewhat compensated by greater flexibility in design options that PFI work 
allows. The environmental impacts of construction are invariably made at the sketch design stage, as the form 
and function of the building generally determine the material specifications.
4. The Egan Report
The much anticipated Egan report, perhaps the most important govemment document for the industry this year 
was published in July 1998. This report is a summary of recommendations by the Govemment’s Construction 
Taskforce, set up by the Deputy Prime Minister against a background of “deep concem in the industry and 
amongst its clients” (Egan, 1998, pi). As one of the pillars of the domestic economy, the construction industry is 
too important to the fortunes of us all to be allowed to stagnate. Construction employs 1.4 million people, 
accounts for some 8% of the gross domestic product, having an annual output of £58 billion.
Members of the Task Force are essentially key clients such as BAA, although rather interestingly there is no 
representative from the major construction contractors group. The essence of the report is to recommend 
measures which will lead to increased performance, efficiency and productivity. “Environment” is not mentioned 
anywhere in the report, but it is clear that some of the initiatives have a clear environmental benefit.
The report suggests that around one-third of major clients are dissatisfied with the service they receive from 
contractors. This dissatisfaction relates particularly to the value for money offered to clients, and their ability to 
deliver work on time and to budget. All too often contractors are competitive only in terms of cost rather than 
quality of service or value for money. The Egan Report recognises that the fragmentation of the construction 
industry has been one of the major contributory factors behind this. There are currently 163,000 construction 
companies registered with the DETR, most employ fewer than 8 people. Fragmentation has helped the industry 
survive some lean times, as it enables industry to cope with variable workloads, it has however brought 
contractual relations to the fore and damaged team continuity that is “essential to efficient working” (Egan, 
1998).
“ In the Task Force’s experience the construction industry tends not to think about the customer (either 
the client or the consumer), but more about the next employer in the contractual chain. Companies do 
little systematic research on what the end-user actually wants, nor do they seek to raise customers’ 
aspirations and educate them to become more disceming. The industry has no objective process for 
auditing client satisfaction comparable with the “J. D Power survey” of cars or the Which? report. We 
think clients, both public and private sector should be more demanding of construction.” (ibid)
The report gives results from a survey conducted by the Design Build Foundation which suggests that “clients 
believe that a longer-term more important (than reducing capital cost) issue is reducing running costs”. This
conflicts somewhat with recent intemal (Tarmac) research which suggests that clients are generally still ignorant 
of life cycle issues such as whole life costing.
The construction industry has commonly perceived itself as unique to the point that it can see little or no scope 
from teaming from other industries. The Egan report can see no foundation for this assertion. Whilst it is clear 
that construction is clearly differentiated from a modem “repeat-process” manufacturing operation there is 
clearly scope for further standardisation and pre-assembly. Egan’s team suggests that 80% of inputs into 
buildings are repeated across projects. One only has to cite the example of McDonalds Restaurants who have 
demonstrated an ability to construct a fully functioning restaurant on site within 24 hours, using a very high 
degree of modularisation and préfabrication. The design allows for easy expansion or even relocation.
Five key “drivers of change” are identified as:
• Committed Leadership
• A Customer Focus
• Integration of Process and Team around the Product
• A quality driven agenda
• Commitment to People
The report sets out a number of efficiency and productivity related performance targets, and whilst it is 
recognised that their are few “accepted performance indicators” in construction it is clearly expected that “the 
best UK construction companies and clients will meet tiiese minimum rates of improvement in full, and go on to 
surpass them”. Construction currently falls way behind many other industries in terms of Its efficiency, and not 
only in this country; figures quoted in the Egan report drawing from recent US, Scandinavian and UK studies 
suggest that up to 30% of construction is rework, labour is used at only 40-60% efficiency, accidents account for 
around 4-6% of project costs, and at least 10% of materials are wasted. The table below summarises the Egan 
targets:
Table 2; Egan’s Targets for UK Construction.
Indicator Improvement 
per year
Çunerit Pëfformarièe of Leading 
Clients/Contractors
Capital Costs: All costs inc. land 
and finance
Reduce by 10% Leading clients and their supply chains have achieved 
cost reductions of between 6 and 14% per year for the 
' ^ paé '^Syears. f  J:
Construction Time: Timefi’orri 
client approval to practical 
completion
Reduce by 10% Leading UK/US clients and design build firms in the 
USA are currently achieving Teductions of 10-15%
Predictability: Number of projects ; 
compièted on time/budget.
Increase by 20% Many leading firms have increased predictability by 
more than 20% and now achieve predictability rates of 
95% or greater.
Defects: Number at Handover Reduce by 20% Much evidence to suggest thatzero defects is 
achievable across construction within 5 years.
Accidents: Number of Reportable i 
accidents
Reduce by 20% Some leading construction companies have reported 
accident reduction rates of 50-60% in two years.
Productivity: Increase in Value 
added per head. ■
Increase by 10% UK construction in general appears to be already 
achieving productivity gains of 5% per year.
Turnover and profits: Turnover 
arid : profits of construction firms.
Increase by 10% The leading construction firms are reporting profit 
margins as a proportion of turnover well above the 
industry average.
The integration of the project process is seen as one of the causal factors behind the fact that buildings are not 
meeting client utility.
“....too many buildings perform poorly in terms of flexibility of use, operation and maintenance costs and 
sustainability. In our view there has to be a significant re-balancing of the typical project so that all these 
issues are given more prominence in the design and planning stage before anything happens on site. In
other words, design needs to be properly integrated with construction and performance in use design
needs to encompass whole life costs, including costs of energy consumption and maintenance costs. 
Sustainability is equally important. Increasingly clients take the view that construction should be designed 
and costed as a total package including costs in use and final decommissioning.”
The nature of the construction industry is such that long term relationships or alliances throughout the supply 
chain do not develop in a manner to which many other industries are accustomed. It is clearly a key ingredient 
in the delivery of the performance improvements that Egan has called for. Teams which do not stay together 
have little opportunity to make incremental improvements and develop teaming capabilities which will improve 
long term efficiency. The industry is already partnering on a series of projects, and has proved its valuable 
contribution to performance. The next stage will be long term alliances that include all involved in the project 
delivery from identification of client need, to fulfilment of that need.
In line with this, the task force calls for radical changes to contractual agreements within construction, 
developing a situation in which both the client and contractor recognise their interdependence, rendering formal 
contract documents obsolete. Competitive tendering is also seen as a barrier to the delivery of added value to 
the client.
5. Research Perspectives
There are clearly a number of macro-scale changes taking place in the industry which will form a key 
component of this research. In order to gain weight, credibility and momentum key aspects of this work can be 
related to these challenges.
On the 4^ of February 1998 the govemment issued “Opportunities for change” the revised consultation paper 
inviting views on a national strategy for sustainable development. A supplementary document was issued In 
May which related specifically to sustainability issues in all aspects of the built environment. The reason for the 
issue of this supplementary document reflects the important impact construction has on society and on the 
environment. The built environment provides the context for most human activities and has a huge impact on 
the quality of life in our communities. Construction also provides the delivery mechanisms for many aspects of 
Govemment policy aimed at the provision and modemisation of the nation's infrastructure - transport, housing, 
schools, hospitals etc. The document presents no new information or findings, but presents an overview of the 
current issues, many of which have been discussed at depth in the first 6 month report.
One of the key immediate challenges facing the industry is that of PFI. PFI projects form the key business of 
Tarmac Special Projects. The Egan report states that the public sector construction projects should be 
showcases for environmentally responsible construction, whether PFI falls into this group is uncertain. It is clear 
however that the construction industry could use PFI projects as demonstrations of what can be achieved in 
environmentally responsible construction. This process has two key benefits, firstly it would provide data which 
would be useful for future projects throughout the Tarmac businesses, and secondly it would differentiate 
Tarmac from its competitors. There is an inherent mistrust amongst some public sector officials that the 
construction industry is only in the PFI market to make money and nothing else, if the industry was able to 
portray an appreciation of the service required and the ability to deliver value for money, then this could be a 
powerful tool indeed.
Tarmac Special projects is currently developing a Life cycle costing tool for use in decision making in PFI 
projects, this will involve the collection of data which is not dissimilar. As the life cycle assessment and life cycle 
costing tool are expected to develop in tandem, a greater knowledge of life cycle costing will be required which 
will in tum reduce the chances of duplicating work which has already been completed.
The essence of life cycle costing lies in the fact that once a building has been handed over, and the captial 
costs have been settled, the building will continue to cost money. It will need lighting, heating, cleaning, 
maintenance, refurbishment and so on. Life cycle costing or whole life costs are calculated for application in 3 
main techniques:
• Costs-ln-Use of altemative materials or constructions.
• Costs-ln-Use of mechanical installations.
• Costs-ln-Use of the total project
Life cycle costing and Life cycle assessment also face a number of similar difficulties, the most obvious is how 
both decision support tools must cope with the uncertainties throughout the life of a building. For example all 
buildings have a built in obsolescence as previously discussed, the factors behind this are complex and almost 
impossible to forecast. Both tools must however find a means of overcoming this, as obsolescence has both 
environmental and economic consequences. Further life cycle uncertainties which both models must address is 
that of maintenance, how long will the building components last? As the need for maintenance commonly arises
as a result of “detailing, faulty material or bad workmanship rather than by overall ageing (it) is almost
impossible to forecast” (Wells, 1997, p3).
For further information please refer to project plan in future document due end October 1998
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Abstract
The construction industry has been slow to respond to the mounting importance 
of environmental issues compared to most industrial sectors. There appears to 
be little widespread impetus for the industry to move towards environmental 
responsibility until legislation or competitive market forces necessitate a move 
in that direction. However, as pressure is slowly being exerted on the 
construction industry, environmental issues are beginning to influence both 
short and long term strategy.
Public perception of the industry is changing, for example Paul Deluce, a 
representative o f the environmental pressure group Earth First, quoted in a 
recent issue o f Building Journal (1998b) suggested that the construction 
industry is “bulldozing the countryside into oblivion”. Perhaps the attention has 
shifted somewhat from the high profile polluters who dominated the headlines 
in the eighties.
Construction has some of the most spatially and temporally widespread 
environmental impacts of any industry. For example figures quoted by the 
Institute of Civil Engineers suggests that construction and its associated 
activities produce 70 million tonnes o f waste each year in the UK (ICE, 1995), 
whilst the completed buildings will account for 46% o f the UK energy demand.
Environmental Management in construction tends to concentrate on the “build” 
phase, life-cycle issues are not generally investigated, yet this mode o f thinking 
presents some significant benefits. Private Finance construction projects are a 
relatively new way of procuring in the UK, in which the company is 
responsible not only for design and build functions, but also elements o f the 
management and operation of the structure for periods in the order o f 20 years. 
This exposes the industry to risk over a much longer time period. These 
contracts have the potential to demonstrate the way in which environmental 
considerations can be incorporated into construction projects.
This paper w ill discuss some o f the challenges facing the industry, and some o f 
the opportunities presented by this new approach.
Key Words: Environmental Management, Life-Cycle Management, Life Cycle 
Assessment, Sustainable Construction, PFI.
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1. Introduction
Despite being essential for human life, the construction industry has widespread and 
profound environmental impact It constitutes a major economic sector (8% of GDP), 
and is a major employer (1.4 million people) (Howard and Edwards, p2 1998). 
Environmental issues surrounding construction have, for the most part, been out of 
the public eye, whist high profile polluters, for example the petrochemicals industry, 
have home the brunt o f the environmentalists ire. It was not until some o f the major 
road projects during the early and mid nineties, such as Twyford Down, amidst an 
outburst o f public concern that the industiy began to take environmental issues 
seriously. However, approaching the millennium, the industry finds itself a long way 
behind both in terms o f its reporting and regulatory procedures and the efficiency of 
its processes, for example around 10% of material delivered onto the average 
construction site will add no value to the finished product. (ICE, 1995).
The environmental impacts o f construction operate on a number o f spatial and 
temporal scales. During the “build” phase the environmental impacts are essentially 
local and of low magnitude. Although the operational inejBBciencies o f the industry 
do necessitate close attention there is a widespread lack o f appreciation that when the 
construction materials are delivered on site, a huge environmental impact has already 
taken place, a combination o f extraction, processing and transport which operates on 
a much wider spatial scale. Similarly the use phase o f a building has far reaching 
impacts, most notably from energy consumption where the built environment is the 
most significant consumer in the UK and other developed countries (Edwards, Harris 
and Holt 1996, p i 00).
Life-cycle issues are rapidly approaching the forefront of contemporary 
environmental debate and have promising applications within constmction. Currently 
environmental accounting within the industry is considering only a fraction of the life 
cycle “cradle to grave” impacts, but this is commonly due to the nature o f contracts 
rather than to negligence. In a traditional “build only” contract the flexibility allowed 
in location and specification is practically nil. It is at the design and specification 
stage where these impacts can be addressed. On public sector construction projects
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however, a new method o f tendering heralded by the Governments’ Private Finance 
Initiative (PFI) in which a construction consortia are responsible for designing, 
building and then operating a structure over a fixed time period, affords a greater 
level o f design flexibility. Although this does not expose the industry to the complete 
life cycle o f a building (the notable omission being the demolition phase), it does 
bring them into contact with an extended design aspect and a unique relationship 
between the contractor and the client.
2. Government Influences
The Govemment have a wide range of potential influences upon industry and can 
apply pressure and control through a range o f measures. One o f the more direct 
influences is that of legislation. The introduction of the UK Landfill Tax in 1996 has 
caused many industries to reassess their waste management systems and procedures. 
This is especially true for constmction, as the legislation was conceived with the 
constmction industry primarily in mind. As firom October 1996 all waste deposited in 
landfill sites has been subject to a tax collected by HM Customs and Excise. The tax 
is based on the weight o f the waste to be deposited, thus applying a “polluter pays” 
principle. The legislation aims to “promote a more sustainable approach to waste 
management by providing an incentive to dispose o f less waste to landfill and to 
recover more value from waste, e.g.: through recycling etc” (NCSA, 1997, p228).
As one o f the primary contributors to landfill, the constmction industry has been one 
of the main targets o f this piece of legislation. According to Friends o f the Earth 
(Building Journal, 1998a) however, the legislation has generally failed to impact 
greatly the amount o f waste the industry produces. The Landfill Tax accounts for 
only 0.08% (on average) o f builders’ total costs (ibid), which is not a powerful 
enough incentive to drive waste minimisation and recycling incentives. Friends o f the 
Earth have stated that the “constmction cowboy element has responded to the levy by 
increasing fly-tipping and increasing waste at civic amenities sites” (Building 
Journal,1998a). Other constmction companies have legally stepped up their non- 
taxable dumping methods which were de-regulated in the 1994 Waste Management 
Licensing Regulations, such as the landscaping o f housing estates (ibid).
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Although tighter legislation is expected in due course, the environmental initiatives 
within construction are not currently legislation driven. Future legislation such as the 
proposed UK Quarry Tax will affect the price o f primary raw materials and 
aggregates, and again the level of impact will depend very much upon the level o f 
taxation.
3. The Private Finance Initiative
Launched in 1992 by the then Chancellor o f the Exchequer: Norman Lamont, the 
Private Finance Initiative (PFI), was set against a backdrop o f widespread 
privatisation during the 1980s, in which many state owned and operated institutions 
were sold off to the public sector in a drive to “free up the economy, allowing 
competitive market forces to dictate and reduce public sector inefficiencies and 
overspending” (Owen & Mema 1997, p i63). The essence o f PFI is to provide 
funding for the capital projects and operate a facility to provide a public service. In 
certain sectors, such as healthcare, PFI has been the answer to previously critical 
NHS problems. It may also prove to be a blessing in disguise for the constmction 
industry who have been placed through an evolutionary trail, learning about aspects 
of their business once concealed in traditionalism. This is not to say however that PFI 
has been without problems. There appears to be widespread frustration about the 
numbers of projects which have reached financial close, which has been fewer than 
initially anticipated. Although industry spectators suggest that “the constmction 
depression is the only reason why current PFI operators are in the market” (Tolford, 
1996), only time will tell whether this costly form o f bidding w ill survive in a 
stronger climate.
PFI brings the constmction industry into contact with risk over a greater segment o f 
the life cycle o f a building. This greater exposure to risk is somewhat compensated 
by greater flexibility in design options that PFI work allows. The environmental 
impacts of constmction are invariably made at the sketch design stage, as the form 
and function o f the building generally determine the material specifications.
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4. Life Cycle Assessment and Construction
Life Cycle Assessment, as a method of assessing the total "cradle to grave" 
environmental impacts o f a product or service, is rapidly gaining credibility and 
cohesion in industry. The construction industry have, at least in the UK, failed to 
gain widespread appreciation o f this important management tool. The appreciation of 
life cycle thinking within the industry is beginning to increase, partly due to the 
increasing environmental pressures placed upon the construction industry, and partly 
due to the nature o f the construction projects themselves.
Building materials, derived from primary resources, produce a number of 
environmental impacts as a product o f their extraction and manufacture. The ways in 
which these materials are used also has a number of direct and indirect environmental 
impacts. In a recent North American survey of architects and engineers 68% thought 
that environmental considerations were important when specifying structural 
materials. It is not made clear however what priority these considerations were 
afforded (Kozak et. al., 1996).
“Business researchers have developed many sophisticated methods to measure 
productivity, to quantify profits and to gauge increased quality and performance” 
(CWC, 1998). Life cycle assessment is rapidly emerging as the preferred business 
tool for analysing environmental performance of products and services (Smith et. al, 
p60 1998). The construction industry procures many products which have already 
been subjected to LCA studies, which in some respects eases the process o f gathering 
and collating data. However until internationally accepted LCA standards and 
protocols have been adopted by the professional bodies such as the ISO, there is wide 
scope potential for the misuse of LCA. Those who must make informed choices 
based on the results o f life cycle analyses, usually consumers (which in this case is a 
secondary industry), face a minefield, often involving irreconcilable environmental 
trade-offs.
Life cycle assessment in the construction industry is still very much in its infancy. As 
to how this situation will develop, there are a wide range o f opinions and viewpoints
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ranging from “LCA will provide a valuable tool in helping towards the goal o f 
achieving sustainable construction” (Howard and Edwards, 1998, p23) to “It is not 
possible to make a complete breakdown of the total environmental impacts o f 
building work... LCA studies are unlikely to become a widespread tool in the 
complex reality o f building and construction projects” (Pilvang, 1998, p i 14) . What 
is missing however, are case studies to substantiate these disparate claims. Indeed 
construction, with its complexity o f resource streams, energy and waste flows, is an 
application fraught with potential problems. LCA can easily be misused in this 
situation, the environmental impact of individual building components is diverse and 
suppliers are keen to emphasise the best attributes of their materials which are often 
difficult to compare. It is therefore imperative that construction companies use a 
consistent package o f criteria against which environmental performance can be 
judged.
As a consequence o f growing pollution and global warming problems, allied to ever 
tightening legislation, the building sector is challenged with finding more sustainable 
approaches for future construction and management of building structures. Despite a 
number o f schemes and initiatives to reduce wastage and energy consumption, it is 
only through a life cycle framework that a better understanding o f the environmental 
consequences o f a building project will become apparent. The life cycle o f a building 
structure consists o f a number o f phases: (see fig 1). In each o f these phases energy is 
consumed, and emissions to air, water and land take place. The service life o f the 
product is particularly long compared to other subjects o f LCA and there are 
considerable uncertainties throughout this life-span which add complications.
The current wave o f environmental concem spreading around the construction 
industry focuses on minimising the environmental impacts o f the construction phase. 
The upstream and downstream effects of this phase are rarely considered. Once a 
building has been handed over to the client it will continue to impose an 
environmental burden, both active and passive. It w ill need heating, lighting, 
decoration, repair and maintenance. Ultimately it will be demolished, this is where a
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building can have a further significant environmental impact unless the design 
incorporates end-of life considerations.
The adoption o f LCA methodologies requires a culture shift not only within the 
construction industry, but also within the clientele who must look upon increased 
capital costs with a similar life cycle viewpoint. Before the client is likely to be 
receptive to higher capital costs it must be proven that there are benefits, for example 
lower maintenance costs and reduced enviromnental burden.
( T y  Energy Source
Env^onmental Impacts
' > Energy and Resource Flows
Figure J: The generalised life-cycle of a building (Adapted from Friedman and Cammalleri, 1995, 
pl60).
The selection o f building materials based on a life cycle assessment often involves a 
compromise o f properties: "what may appear to be an enviromnentally sound product 
in one respect may exhibit compromising qualities in another" (Friedman and 
Cammalleri, 1995, p i62). For example, aluminium in one respect releases no 
harmful emissions and is a durable and recyclable building material, however the 
process of raw material extraction and manufacture is extremely energy intensive. 
Alternatively high formaldehyde emissions firom particle board products can 
seriously degrade indoor air quality, and it is very difficult to recover for recycling. 
However, in the manufacturing phase particle board is enviromnentally efficient
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since it is made almost entirely o f wood scraps and sawdust, curbing the extraction o f  
further raw materials (examples taken from Friedman and Carmnalleri, 1995, p i62).
The goal in the selection o f environmentally sound construction materials is to 
maximise the use of recycled materials where these are appropriate and to ensure that 
mining and other processes o f raw material extraction do not pose a threat to the 
diminishing resource base. The amount o f energy which goes into the product at each 
phase of its life cycle, known as its “embodied energy”, should ideally be minimised 
from extraction to disposal.
The impact o f the built environment on our intemal and extemal environment is 
considerable. Constmction accounts for a vast proportion o f global CO2  emissions, 
and buildings consume 46% o f the total UK energy demand, more than both 
industrial and transport sectors, and are accountable for 48% of UK carbon dioxide 
emissions (Edwards, Harris and Holt 1996, p i00). In terms of its enviromnental 
impacts the constmction industry is similar to an assembly industry and does not 
emit large quantities o f CO2  by its direct activities. "Rather the sector assembles 
components from the manufacturing industry that have already done so" (Edwards, 
Harris and Holt 1996, p i01). This poses a problem of responsibility: should the 
constmction industry be accountable for emissions from producing the primary 
components? A life cycle viewpoint puts this responsibility with the contractor and 
client since they have the power to select materials based on such environmental 
credentials.
5. The Way Forward
The UK Govemment have recently issued their consultation paper on “strategies for 
sustainable constmction” (DETR, 1998b) which follows a number o f recent 
Govemment documents on sustainable development. The tumover o f our urban 
fabric is very slow, so even when we are ready to embrace a more sustainable 
culture, our urban form will evolve only very slowly to reflect these changes. The 
current nature of our economy dictates the fact that we “cannot afford to take care o f 
things, labour is expensive, time is expensive, money is expensive, but materials - the
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stuff o f creation are so cheap that we cannot afford to take care of them” (Berry, 
1995). In a recent letter to Tarmac PLC, in response to the group’s latest annual 
environmental report, the Govemment is clearly expects the major contractors such 
as Tarmac to lead the way towards more environmentally responsible constmction. 
Tarmac were the first constmction company to publicise environmental targets and 
monitor progress towards them (Tarmac PLC, 1998), and are still unique in this 
respect in the UK.
6. Summary
The constmction industry is clearly at a crossroads, for many years out o f the 
environmentalists gaze, but now seen by some as key to our future aspiration for a 
more sustainable society. In this transitional period the industry needs to embrace a 
culture change on a scale not seen in recent times if  it is to meet these challenges and 
responsibilities. The industry has been slow on the uptake o f environmental 
accountability, but it is now beginning to taken seriously at all levels.
Whilst it is clear that industry is now making strides towards more environmentally 
responsible practice, real improvements in the environmental impact of the stmctures 
themselves depends upon the enlightenment o f the clients. The well publicised and 
much anticipated Egan report (Building Journal, 1998c) on the future o f the UK 
constmction industry calls for a closer relationship between clients and contractors, 
the end o f competitive tendering and the delivery o f added value to the customer 
rather than reduced capital cost. It is clear that the role o f the contractor in 
constmction projects is evolving towards one of project stewardship in which they 
must be responsible for heightening client awareness o f issues, o f which the 
environment is just one such example.
Life-cycle issues are particularly pertinent to an industry which alters so vastly our 
physical and social environment for long periods o f time, and one in which both 
significant environmental impacts and significant opportunities for environmental 
improvement exist. Private Finance Projects, many o f which are the contractors
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“flagship projects”, present an ideal forum in which the industry can demonstrate 
their willingness to tackle these issues.
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1. Executive Summary
• Buildings, both directly and indirectly are responsible for around 
50% of the UK's CO2 emissions. As a result of this we can 
expect the Kyoto Protocols to have a profound impact on the 
construction industry over the next 10 years.
• This is not simply an exercise in softening the blow of future 
environmental legislation and taxation, there are real business 
benefits to be gained in acting proactively to this anticipated 
development now.
• The use of a building will account for around 80% of the total 
life cycle costs and around 90% of the total life cycle 
environmental impact. Using a new information route the 
design process can be informed of how materials and products 
will perform in relation to these life cycle environmental and 
economic criteria.
Encouraging the Investment in a sound, life-cycle building 
design will bring benefits to both Tarmac and their clients, as 
well as significantly reducing the environmental burden of the 
built environment.
In a corporate sense there is potential to increase turnover 
figures, reduce life cycle risks, and strengthen the image and 
reputation of the Tarmac brand both internally and externally, 
nationally and internationally.
Private Finance Initiative (PFI) projects have been selected as a 
potential showcase for these initiatives because of the control 
which Tarmac can exert from concept, design, construction and 
facilities management aspects. This experience could then be 
used as a tool to penetrate other procurement systems or 
markets and realise further opportunities.
2. About this Proposal
• This project proposal has been written by Andrew Horsley who 
is a Research Engineer working with Tarmac Special Projects. 
Andrew's work will form part of an Engineering Doctorate in 
Environmental Technology at the University of Surrey, which will 
be completed in September 2001.
• The project development is closely supervised by both an 
academic and industrial supervisor. Dr Chris France (EngD 
Programme Director, University of Surrey) and Mr Barry 
Quatermass (Technical Services Manager, Tarmac Special 
Projects) and are acknowledged for their support in producing 
this report.
• This report is Issue One (26-1-99), future developments are to 
be posted on Tarmac Special Projects Intranet site. Andrew can 
be contacted on e-mail at ahorsiey@tarmacco.uk
3. Context
• The environmental impacts of construction are significant and 
widespread, but whilst there are always extensive 
environmental effects at the project workface, the most 
significant environmental effects will not be realised until the 
building is in operation.
• The phase of construction accounts for only a fraction of 
economic and environmental costs encountered during the life 
cycle of a building.
• Energy consumption during the use phase will account for 
nearly 90% of the total life cycle environmental impacts of a 
building (Smith 1995).
M Construction and 
Major Repairs
Q  Transport of 
Materials
■  Energy for Space 
Heating
■  Disposal
Figure 1: Relative Environmental Impacts of a Building (Smith, 1995)
• An integrated economic and environmental instrument for 
assessing energy use over a building life cycle would not only 
deliver an industry first, but also gives Tarmac a rigorous case 
for increasing build costs, in return for a forecast reduction in 
energy, capital replacement, maintenance and other running 
costs, hence adding value to the final product.
• The agreements reached at the Kyoto Summit in 1997 have 
fundamental implications for construction. The government 
have pledged to reduce CO2 emissions by 10% over the next 10 
years, over this time the built environment, the most significant 
UK contributor to CO2 emissions will grow by 2-3%. Hence 
there is a great responsibility on new buildings and
refurbishment to reduce the collective impact of the built 
environment. "The onus on the buildings we do construct will 
be severe" (Slavid, 1998, p46)
• Until recently, most decisions about energy use were based 
solely on cost and availability. Now, with carbon emissions from 
fossil fuels contributing to global climate change, environmental 
concerns are becoming increasingly important.
• Tarmac's own research suggests that clients are not currently 
concerned about life cycle issues, due in part to the short term 
nature of their planning which is very rarely in the order of a 
building's life.
• This will undoubtedly change when the economic and 
environmental differential between wasting and saving energy 
and resources change. By this time Tarmac will need to be ready 
to demonstrate their legacy of life cycle data, both actual and 
forecast to convince clients to invest in a "life cycle design", 
hence the importance of reacting proactively to that anticipated 
development now.
• Energy is currently provided by the client in Private Finance 
projects, this presents a significant risk to the client as the 
service provider has little incentive to employ energy saving 
measures. Considering the forecast increase in energy costs 
during the next millennium, this risk is not inconsiderable.
• Research in the US suggests that the forecast increases in 
energy prices are more complex than previously envisaged. 
Although it must be remembered that the impact of the Kyoto 
agreement will vary from country to country, the results from 
the US suggest significant price increases. According to the 
study by the US Department of Energy, coal prices will be most 
severely hit, but all fuels will be affected the table below shows 
the likely % price increase when compared against current 
standards.
Fuel Forecast Price Increase by 2020
Oil 25-29%
Coal 346-368%
Gas 65-75%
Electricity " 47-50%
Table 1: Forecast Increases in energy prices based on US DoE figures. Ranges
shown are various carbon emission reduction scenarios against the reference case
(33% above 1990 levels), from +24% to -7% of1990 levels. US DoE1998
4. Introduction
• Life cycle issues are just beginning to be felt in construction as 
the first wave of PFI projects are completed, and consortia 
(involving construction companies) are involved in maintaining 
elements of these structures over periods in the order of 25 
years. The environmental impact of the construction industry 
has also been under increasing scrutiny, recent studies have 
however suggested that only a fraction of the life cycle 
environmental impacts of a building occur during construction.
Environmental considerations are an emotive subject 
throughout business and industry, and despite the desire to 
minimise environmental impact, such considerations are of less 
importance to clients who in a survey suggested that time, 
economy and price certainty were their key expectations 
(Franks, 1992, p51). Around 20% of construction projects are 
built to be sold-on by clients, a practice which does not ideally 
lend itself to good environmental performance. Clients who 
build for their own needs also have a narrowly construed vision 
of cost which rarely takes into account "costs in use".
Tarmac Special Projects have the opportunity to utilise some of 
the flexibility they are afforded in PFI projects to demonstrate 
their ability in working with life cycle economic and 
environmental criteria in a logical and rigorous manner which 
will inform the design process and meet the needs and 
expectations of the client. In the case of PFI work, which is the 
focus of this report the client is defined as the group of people 
who are representing the interests of the public sector in 
relation to the project under consideration.
In line with current procurement routes, PFI represents the 
greatest opportunity to demonstrate whole life cycle 
environmental good practice. It is anticipated that following its 
demonstration, such initiatives could be carried over or adapted 
to suit other procurement routes as necessary.
5. Construction and the Constructed: The Environmental 
Impact of the Built Environment
• The table below demonstrates some key environmental impact 
indicators in the UK and demonstrates the contribution of 
construction and other sources to these impacts. It suggests 
that Tarmac's direct activities in construction are of far lesser 
environmental impact than both upstream and downstream 
stages in the product chain.
indicator UK Totals Construction
Materials
Construction
Process
Building in 
Use
Dwellings in 
Use
Transport Other
Sources
Final Energy PJ 6283 386 54 952 1839 1676 1376
% (100) (6,1) (0.9) (15.2) (29.2) (26.7) (21.9)
C. Dioxide Mt 548 37 4 77 149 145 136
% (100) (6.8) (0,8) (14.1) (27.1) (26.4) (24.8)
Sulph. Dioxide Kt 2718 151 21 372 719 251 1204
% (100) (5.6) (0.8) (13.7) (26.4) (9.2) (44.3)
Nitrogen Oxides 2218 231 8 134 259 1356 230
K t% (100) (10.4) (0.4) (6.0) (11.7) (61.1) (10.4)
VOCs, Kt 2220 94 36 27 53 938 1072
% (100) (4.2) (1.6) (1.2) (2.4) (42.3) (48.3)
C. Monoxide, Kt 4833 629 3 54 281 3786 80
% (100) (13.0) (0.1) (1.1) (5.8) (78.3) , (1.7)
PM 10, Kt 250 26.1 4.1 14.5 28.0 71.0 106.4
% (100) (10.4) (1.6) (5.8) (11.2) (28.4) (42.6)
Heavy Mtis, Kt 4.1 0.69 0.007 0.120 0.231 0.245 2.808
% (100) (16.8) (0.2) (2.9) (5.6) (6.0) (68.5)
Table 2: Selected Environmental indicators and construction related contributions 
(Parrot, L 1998, p4).
• The relative significance of the construction phase, and arguably 
the materials manufacture stage is minimal compared to the 
impacts of the buildings in use. This notion is widely supported 
in the literature.
When we consider that Construction Design can significantly 
influence transport emissions as well as those arising from the 
use of our homes and commercial property, construction 
processes and materials it becomes evident that the impact of 
the built environment is severe. With the exception of heavy 
metals between 52 and 98% of the above environmental
impact indicators can be controlled by planners and designers of 
the Built Environment.
6. Project Brief
• Buildings are essentially a consumer product. The major 
differences between buildings and other products is their 
ownership, their (usually) long life span (in comparison with 
other products), and the number of unknown use changes etc 
which will occur throughout that life-cycle.
• Recent Tarmac surveys have suggested that life cycle issues are 
not high on the agendas of the typical 90s client (Tarmac 
"Lifetime Asset Management" Survey 1998).
• The life cycle of a building has serious financial and 
environmental implications which are not currently managed as 
an integral part of the design and construct process.
• In Tarmac's current PFI portfolio energy is provided by the client. 
As a procurement strategy PFI is intended not only to deliver 
value for money in the provision of assets, but also to facilitate 
significant transfer of risk from the public to the private sector. 
In more recent contracts the contractor is responsible for 
providing domestic energy which presents an opportunity to:
=> Provide a solid case for increasing build costs (in return for 
a reduction in occupancy cost) and therefore the turnover 
of Tarmac Building.
=> Distinguish Tarmac from the competition in its ability to 
reduce the risk to the client.
=> Reduce the life cycle environmental impact of a project by 
up to 65% (Based on actual figures from Smith, 1995).
• Studies suggest that clients in PFI projects are very keen to 
transfer the risks of operation and maintenance into the private 
sector, ranking it 4^  ^ in order of priority against 26 other project 
risks. This suggests that clients would seek to transfer the risks 
involved in making energy payments. Akintoye (1998).
7. Project Scope
• Many tools have been developed for reducing the 
environmental impacts of the use phase of products. One of the 
most important is Life Cycle Assessment (LCA).
• Life cycle assessment is a tool by which the environmental 
impacts of a product or service are assessed from raw material 
extraction through to disposal or recycling.. Life cycle 
assessment has not yet found an application in the construction 
industry, but their are many speculative papers and reviews, 
many of them very recent.
• LCA views a product in terms of the service or benefit it 
provides, comparisons are made with alternative designs which 
provide the same service. The functional output of the 
construction industry is a service provided by the built structure. 
In order to provide this service, the building system will require 
a number of inputs of energy and materials and will generate 
emissions to air, water and land. The inputs and emissions 
when combined are termed the environmental burden of the 
system, the aim of LCA is to evaluate the burdens so that 
reductions can be made where possible. Buildings erected in 
1998 are likely to still be standing in 2050, when we can expect 
to face much tighter environmental legislation and significantly 
higher energy costs.
• The use of LCA in construction is currently limited. The 
complexity and quality of data required form part of a time 
consuming process. If a full Life Cycle Assessment of a proposed 
structure were to be carried out, the final results would be far 
too late to have any bearing on the final structure.
• Consider figure 2 on the following page which attempts to 
model the life cycle environmental burden of 3 types of floor 
covering. Tarmac could chose to do this for every building 
material it works with, but a more effective solution would be 
to use existing knowledge to identify the elements and periods 
which have the most impact on the building's life cycle and 
target them in this study.
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DIAGRAM HERE
Figure 2: The Life Cycle systems of 3 types of floor cover covering through 
complete life cycle. Materials are Linoleum (top), Cushion Vinyl and Tufted Carpet 
(Bottom) Study by Potting and Blok (1995)
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Like in many other sectors, a significant proportion of the 
environmental impacts can be attributed to a small element or 
period in the product life cycle.
Studies by Smith (1995) Suggest that the use phase of a 
building is where the major environmental impacts occur. In his 
study it was suggested that 89% of the life-cycle environmental 
burden can be attributed to the energy consumed during the 
use phase. Smith's study also suggests that the disposal phase is 
also of lesser significance than one might expect.
This has also been noted by Parrott of the British Cement 
Association (1998) who states;
" It is shown that in-use and transport contributions from 
construction are major components of national 
(environmental) impacts, particularly with regard to energy 
use for thermal comfort in buildings and the transport 
between buildings of people and goods. In relation to the 
cumulative, long-term influences of urban planning and 
transport, energy efficiency associated with building design, 
durability and re-use of buildings, the direct role of materials 
manufacture is currently of lesser significance."
The relative importance of these phases of environmental 
impact is constantly changing. For example as our buildings 
and systems of energy generation become more efficient, the 
relative importance of energy consumption will be reduced. It 
can also be expected that the finite nature of the vast majority 
of our construction materials will lend the end-of-life and 
disposal phases greater significance in the future.
Typically the use phase in an LCA is not one of the most 
significant stages. Practitioners are often forced into making 
simple guesses and assumptions are made as to how the 
product will be used over its operative cycle. Much of the 
uncertainty concerning the use phase is removed however in 
this case as the service life function is essentially determined at 
contractual level in PFI.
Figure 3 overleaf demonstrates the complete life cycle of a 
typical building. At each stage of this life cycle energy and raw 
materials are consumed and emissions to air land and water 
take place. The objective of an LCA is to determine A and B on 
the diagram overleaf, representing the material and energy
12
inputs and the associated emissions to air land and water. This 
life cycle Inventory is then examined in terms of the 
significance of these exchanges to known environmental impact 
categories such as resource depletion and global warming.
If desired these impact categories can be brought together 
using a technique known as valuation. This technique 
essentially applies a recognised weighting to each of these 
environmental impact categories to give an overall 
environmental score to a particular product or design option.
System Boundaries
Use Disposal
T= Transport
A= Resource/Energy Inputs 
B= Emissions to Air/tancl/Watér and Waste
Component
Manufacture
On Site 
Construction
Recycling
Raw Material 
Extraction
Landfill
Figure 3: The life cycle of a building. (Horsley, 1998)
• The results of an LCA can be used both as an internal decision 
making tool and an external- marketing tool. Publishing such 
results is a highly sensitive exercise which demands significant 
confidence in the results.
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Extensive ISO LCA standards (ISO 14040,1,2,3,7,8,9) are under 
development which is expected to bolster the credibility of 
industrial LCAs and aid in standardising the methods of 
reporting.
Economic aspects must also be considered in tandem with 
environmental aspects. Life Costing has a particular pertinence 
for construction when such large sums of money will be 
required to service the asset for long periods of time. Research 
Suggests that on average a commercial office will consume 5- 
10 times its initial capital cost in occupation costs which 
includes energy requirements, M&E and fabric maintenance and 
other service provisions.
Table 3 below demonstrates the typical financial burdens of 
each stage of an office building's life over a period of 25 years, 
the costs of demolition are not included.
% of Total Costs
Capital Costs
Build Cost 10.4
Finance Cost 14.6
Total Building Cost 28.4
Occupancy
M&E Maintenance 4.5
Cleaning 4.5
Electricity 9
Gas 0.5
Water 0.5
Communications 7
Security 4.5
Capital Replacement 7
Management 3
Internal Moves/Refurbishment 18
Other 13
Total Occupancy Costs 71.5
Totalis Yr costs £66,000,000
Table 3: The 25yr life cycle costs of a 100,000 sq/ft office building based on 
modelled data from Citex Professional Services, published in Building (15/1/99)
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Any initiative intended to reduce the environmental impact of a 
structure must be backed up with a sound economic impact 
assessment of the proposed modifications based on life cycle 
costing. This life cycle cost model will include all aspects of 
maintenance, capital replacement and energy requirements. 
Much of this data will be captured by Tarmac Special Projects' 
LCC team who are developing their own systems and 
procedures. The integration of these economic and 
environmental aspects is a key feature of this project.
8. Tarmac and PFI
• PFI, conceived in 1992 is the Government's instrument for the 
delivery of public services.
• Tarmac are one of the leaders in the field of PFI work.
• The PFI requires a change of approach in that the Government 
no longer buys buildings or assets; it buys long term services. 
This often means that even though a building may be required 
for the performance of that service, it would remain in the 
ownership of the Private Sector. The key advantages of PFI for 
the Government are:
=> Whole life efficiency (operator involvement in design, 
builder involvement in project success)
=> Opportunity to pay for facilities as they are used
• Figure 4 on the following page demonstrates that the model of 
PFI procurement is very different even from design and build 
contracts.
• Tarmac are currently researching the possibilities and 
potentialities of offering a PFI style service within the private 
sector, known as Lifetime Asset Management.
• The use of life cycle environmental and economic assessment 
would begin at the outline planning stage in PFI work. The use 
of such advanced tools however could form part of the BAFO 
(Best and Final Offer) document in which any significant 
differentiator could aid Tarmac's success in winning PFI work.
15
16
This project is particularly suited to a PFI environment due to 3 
major reasons:
=> PFI Gives the consortium a degree of flexibility in 
selecting design options.
=> The consortium are exposed to project risks over much 
longer timescales than in traditional contracts, hence the 
need to control these risks.
=> The concept and design functions are internalised.
The benefits of integrated procurement routes, similar to PFI 
have been recognised as long ago as the 1960s. More recent 
reports such as the Latham Report and the Egan Report have re­
highlighted these observations:
=> "In no other important industry is the responsibility for 
design so far removed from the responsibility for 
production" (Emmerson Report, 1962)
=> "We consider the most urgent problem that confronts the 
construction industry is the necessity of thinking and 
acting as a whole" (Banwell Report, 1964)
=> "The efficiency of project delivery is presently constrained 
by the largely separated processes through which they are 
generally planned, designed and constructed" (Egan 
Report, 1998)
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9. Defining the Issues
The key issues that this project will address are:
• The environmental effects of buildings during their use phase 
far outweighs their impact during construction.
• Energy usage accounts for a vast proportion of these use phase 
impacts.
• In the most recent PFI projects the trend is towards the 
contractor providing the domestic energy requirements. This 
places a significant environmental responsibility on the 
contractor who currently do not have the expertise to manage 
the risks.
Hence this project must:
• Provide a methodology for assessing the energy usage of a 
structure over its life cycle.
• Examine the methods of reducing energy usage during the use 
phase of a building, such as Life Cycle Assessment and 
demonstrate the environmental advantages of doing so.
• Demonstrate that reduced energy consumption can bring about 
significant cost savings during the life cycle which off-set the 
additional build costs.
• Show how the information generated can be turned into 
demonstrable practice forming an integral part of Tarmac 
Special Projects' procedures.
• Investigate the methods and routes by which clients could be 
encouraged to invest in a life-cycle design.
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10. Major Project Outputs
The major outputs and deliverables of this project are as follows:
• A comprehensive set of procedures and tools which will enable 
the project outline proposals to be assessed in terms of their 
use-phase energy consumption and its associated environmental 
impacts to act as a project baseline.
• Identification of a formal channel down which this information 
can be interpreted and incorporated into the design stage.
• A procedure by which subsequent design decisions can be 
assessed in terms of their energy/environmental impact.
• Demonstration and validation of the Procedures on at least one 
Pilot project.
• An assessment as to the value of the tool to other areas of the 
Tarmac Group.
11. Method Statement
The project will comprise the following tasks:
• Detailed examination of the project development process, to 
establish the project stages and management groups in which 
an environmental optimisation tool would be most effective.
• Development and testing of a rigorous methodology for 
assessing the baseline energy consumption of a proposed 
structure during its operating period.
• Establishment of a procedure by which energy related 
environmental improvements can be made against an 
established baseline level. Use an LCA tool to demonstrate the 
improvements in terms of building related environmental 
impacts.
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Develop an integration with current Life Cycle costing initiative 
to assess the economic implications of the potential "green" 
design options.
Investigation of methods of optimising economic and 
environmental performance of a structure.
12. What are the Benefits?
This proposal has the potential to deliver a number of important
Corporate, Client and Environmental centred benefits. These are
highlighted below.
Corporate Benefits:
• Potential for increased turnover of Tarmac Building.
• Adds a further dimension upon which design decisions can be 
made.
• Providing a new client service, adding value to the completed 
structure.
• Gives employees a "feel-good" factor, increasing their 
productivity and commitment.
• Reduced risk in PFI projects in which domestic energy is billed to 
the contractor.
• A powerful tool to differentiate Tarmac operations from that of 
its competitors
• Potential to Lobby Government, demonstrating that reduced 
energy consumption can have significant impacts on the 
environmental performance of a project based on its whole life 
cycle and yet still demonstrate positive economic advantages.
• Gives greater weight to Tarmac Special Projects' drive to secure 
private sector "Life-cycle Asset Management" contracts.
Strengthened Public Image and reputation.
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Client Benefits;
• More environmentally and financially efficient structures less 
susceptible to the risks of energy price increases and other 
environmentally oriented taxation and legislation.
• Reduced Life-cycle costs.
Strengthened partnerships, forging closer client/contractor 
relations.
Strengthened public image.
Greater long-term market value of client's building portfolio.
Potential for more favourable insurance premiums.
Detailed optimised maintenance routine, minimising the risks of 
component failure.
Environmental Benefits:
• Significantly reduced environmental impact and CO2 emissions. 
Hence reduced global warming contributions.
• More efficient use of Natural Resources and greater awareness 
as to the impacts of their consumption.
• Buildings are responsible for around 48% of the total energy 
consumption in the UK, hence emitting a similar proportion of 
the total carbon dioxide budget. Whilst the initial government 
response has been to make power generation itself more 
efficient in the "dash for gas", it cannot be long before the 
major consumers are targeted. Personal transport is very much 
the focus of Government attention at the moment, but the 
energy consumption and CO2 emissions attributed to this sector 
is less than half that of buildings.
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13. Concluding Remarks;
• Tarmac Building's current environmental initiative is focussed 
almost exclusively on the construction phase. This is obviously 
very important as it is during this phase when the most tangible 
and visible environmental impacts occur.
• Tarmac's consortia are however coming into contact with a 
much more significant environmental burden through their PFI 
portfolio, the operation phase.
These proposals will enable Tarmac to control the most 
significant aspects of this burden whilst also considering whole 
life costs.
The Government has given its backing to what is known as 
"best value" rather than "least cost" tendering, by endorsing 
the notion that "Least cost doesn't necessarily mean best 
value" (Prescott 1998, quoted in Building 06/11/98, p i2). The 
Government's Construction Taskforce are shortly to recommend 
a system of benchmarking which will propose firms building 
long term relationships through repeat business, with then 
being tested against the market periodically. If such reforms are 
adopted then this proposal would lend significant benefits to 
the marketing teams and make Tarmac more attractive to 
potential clients.
The benefits of researching this area then are more than 
environmental benefits alone. It is about reducing risks, both 
financial and environmental to our clients and PFI consortia, 
about building closer partnerships in providing truly innovative 
services, increasing the competitiveness of the Tarmac group 
and about increasing our collective understanding of how the 
construction business and its products affect the environment.
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"It  is d e p r e s s i n g  t o  h a v e  t o  a d m i t  
t h a t . . . . . . f u l l y  a i r  c o n d i t i o n e d ,  g l a s s - c l a d
owers are still being erected from  
Australia t o  the Gulf a n d  the Arctic to 
S i n g a p o r e ,  it m a y  n o t  seem very 
important t o  o u r  d a i l y  lives that for 
instance the Antarctic ice cap is melting 
at an increasing rate and that flowering  
plants are creeping ever northwards in 
Spitzbergen, but these and many other 
phenomena confirm the reality of global 
warming which will have a quite radical 
effect on the life of the w hole planet if it 
continues to accelerate in such a fashion. 
B e f o r e  t h e  e n d  o f  the w o r k i n g  life o f  
s o m e  o f  the g l a s s  t o w e r s  n o w  being 
b u i l t ,  t h e i r  feet c o u l d  b e  w a s h e d  b y  the 
waves of the seas that their excessive 
use o f  e n e r g y  has helped t o  raise."
Architectura l Review, T179. 05./95, p4
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1. standpoint 25/3/99
The view so far.........
Life cycles of buildings are particularly long compared to other consumer 
products, hence particular care is needed in the stage of planning to 
capture these life cycle parameters.
The holistic environmental impact of buildings forms one of the largest 
environmental impacts of contemporary society. The current response has 
been the use of life cycle techniques to investigate the environmental 
impact of materials used in construction. Data availability is currently 
restrictive and progress has been slow.
In environmental terms however buildings are more than simply the sum 
of their component parts, as the use-phase of a building has by far the 
most significant environmental impact. To fail to recognise this stage of a 
building's life, is to fail to recognise the largest single step towards 
realising more environmentally acceptable construction.
Of course the use of energy dominates the environmental impact of 
operation. This energy usage is determined firstly and most significantly by 
the design parameters, but also to a certain extent by the enlightenment 
of the user. Even the most intelligent eco-efficient building can be abused 
by its users.
The feeling within industry, gained largely through personal 
communication is that this degree of change should be a client driven 
process. Through the work of the Benchmarking group conducting 
research on behalf of Tarmac, clients have been found to be generally 
unresponsive towards the notion of life cycle design for a number of 
reasons, most notably their lack of understanding and the uncertainty 
surrounding their businesses over the life cycles concerned.
There are clear business benefits however for the construction industry to 
take the lead in the field of life-cycle design. Alongside the obvious 
environmental benefits to be gained, the contractor has the ability to 
differentiate their service from those of its competitors. Differentiation 
may be one of the ingredients to success, as the current construction 
climate is one of intense competition. However with the forecast shift in 
emphasis towards long term ciient-contractor relationships, and repeat 
business (based on maximum value and not least cost) expertise in this 
arena will accrue further, perhaps even more significant benefits.
The government stance on environmental issues and construction is not 
clear. The present government is dominated by "sound-bytism", and as 
such it is often difficult to separate the signal from the noise. The release 
of tw o key documents over the past 12 months, the construction chapters 
of "Opportunities for Change", and the Egan report had the potential to
create a significant thrust in the right direction, but m ism anagem ent of 
these documents and a lack of co-ordination across governm ent has 
clouded the message. The publication of the Egan report has essentially 
re-iterated structural problems within the industry which have been noted  
long before from both external and internal parties. The difference this 
time is th a t demonstration projects have been initiated which are aim ed at 
exposing and rectifying some of Egan's criticisms. Whilst the  signal from 
government may not always be clear the trend is of a constant increase in 
the importance of environmental issues on the political agenda. The long 
life cycles of buildings therefore means th a t they are likely to  be 
constructed, operated and demolished in very different eco-political 
climates.
One of the key outcomes following the Egan report was the  
Government’s pledge to  lead by example in the "rethinking" of 
construction with its public sector projects. The Private Finance Initiative 
gives the consortia sufficient design scope to  start tackling the  issue of life 
cycle design. With these complimentary strands PFI would seem  th e  
natural environment in which to develop life cycle issues. This however 
must be treated  as a demonstration case, as PFI does not represent the  
typical construction contract. This project must recognise th a t whilst 
transfer of public sector risks into the private sector are assured, PFI itself 
is not and procedures too entrenched in PFI specifics represents a potential 
project pitfall.
The key aim of this project will be to  connect the m ost im portant 
environmental impact of a building, that of its energy use during 
operation with the personnel who essentially control this environmental 
impact: the specifiers and designers. Making a design change m eans 
changing fundamental design parameters and dimensions, materials and 
sen/ices, this will obviously reflect in the capital and operational cost of a 
building. Information about the costs, and distribution of cost is of key 
importance to  the client, and as such the integration of economic and 
environmental data is a key feature of this research. By using Tarmac 
Special Projects' developing life cycle cost model, objective option 
appraisal can be made on the basis of life cycle cost, and the m ost 
significant aspects of life cycle environmental impact.
Andrew Horsley 25/3/99
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3. Literature Search Update: lEA Annex 31
The literature search has been adapted to  reflect the more specific nature 
of the  research at the 18 month stage. Wider them es of environmental 
issues and construction are still captured on a regular basis, but more 
emphasis has been placed upon elucidating details surrounding aspects of 
the construction life cycle. A major literature update will form part of the  
24 month report and dissertation, the projected contents of which can be 
found on page 8.
One of the most interesting collaborative research efforts in this field is 
th a t of the lEA's Annex 31. The International Energy Agency (lEA) is an 
autonom ous body formed in 1974 under the auspices of the  Organisation 
for Economic Co-operation and Development (OECD) to  implement an 
international energy program and to  carry out a comprehensive energy 
co-operation program.
The broad aims of the  lEA's participants is to  facilitate a reduction in th e  
dependence on oil and other fossil resources through energy conservation, 
development of alternative energy sources, and through an extensive 
programme of energy research.
lEA's Annex 31, working under the operating title of th e  "Energy Related 
Environmental Impact of Buildings" encompasses work from 14 of the  23 
m ember countries of the lEA. The work of this Annex aims to  "provide 
building sector researchers with information to  improve m ethods and data 
for measuring the energy related effect of buildings on their interior, local 
and global environments". A list of contributing projects and countries can 
be found in the  appendix on page 13.
It is interesting to  note the relative contributions of the  14 countries, 
which in some way reflects the level of understanding and enlightenm ent 
in the field of eco-efficient building design. An interesting observation 
however is th a t future legislation and anticipated developm ent does not 
appear to be influencing the direction of the research in individual 
countries. Considering for example the significance of the built 
environment sector in greenhouse gas emissions, and th e  UK's ambitious 
targets for reduction by 2010, it is surprising to  note th a t this country has 
shown very little progress in this area. Other countries such as Non/vay and 
Finland however are more clearly striving for this goal despite the  fact th a t 
their Kyoto reduction targets are far less ambitious than  our own, and 
th a t a greater proportion of their energy demand is already m et through 
renewable sources.
The focus of the group is split between entire building studies and work 
on materials, very few  deal with the issues surrounding energy sources 
and infrastructure development. Many of the studies a ttem pt to  capture 
the whole life of the building with the possible exception of the  
demolition phase where little progress can be reported.
There are a number of individual studies within the  Annex 31 group which 
have particular pertinence to  this project. The Non/vegian Building 
Research (Brunsell, 1998) institute has been investigating the  economic 
and environmental consequences of varying levels of insulation in the 
Norwegian residential housing stock. The key aim of the project is to 
determine the differential environmental credits and debits gained 
through adding extra insulation and therefore saving energy. The 
environmental benefit gained through energy saving in Norway is quite 
different from w hat might be expected in the UK, since the vast majority 
of their energy is derived from hydro-electric sources.
Using a "typical" Non/vegian block of flats as an example, insulation 
improvements were based on a model addition of betw een 60  and 
150mm of extra thermal insulation above the standard installation. It was 
found tha t the most economically viable alternative w as the  +150m m  
option w here added capital costs w ere recouped after 52 weeks. 
Simulations suggest th a t the  environmental pay-back period may be even 
shorter, particularly w here fossil fuels are substituted.
Work by Arge (1998), also at the Norwegian Building Research Institute 
looks into developing the concept of life-cycle building perspectives within 
the industry, both economic and environmental. The aims of Arge's 
research are ambitious, but fairly general, culminating in the  developm ent 
of recommendations for new  procurem ent routes and practices tow ards 
achieving the stated goals. Much of this work is presented in Norwegian, 
and further investigation into this research work will to  conducted to  
establish the current phase of development.
Denmark is commonly acknowledged for its relatively advanced building 
research, and it comes as no surprise to  see the  Danish Building Research 
Institute spearheading one of the more ambitious projects. Dinesen (1998) 
et. al. are progressing with an energy and environmental im pact 
calculation tool for buildings during th e  design stage, which will be linked 
to  a CAD program and other design system a t a later date.
Work in Japan with the  Annex 31 group has been reported as largely 
complete, the majority being conducted by th e  Japanese Building 
Research Institute. One of the m ost significant projects has been 
developing a whole life cycle energy calculation tool as an aid to  the  
design process. No published work has been reported for this project 
which also forms part of CIB (International Council for Research and 
Innovation in Building and Construction) group TG8 which has recently 
developed into an working commission group W 100. The CIB is an 
international network of construction professionals and experts w h o  are 
dedicated to  the free exchange of research information.
4. Potential Contribution to Knowledge
Many of th e  com ponents of this research such as the principles of life 
cycle costing (LCC) and energy modelling in construction are well 
established areas of endeavour and as such the contribution to  knowledge 
will not be tow ards these com ponent parts.
The mix of these com ponents is w here the innovation will lie. The tw o key 
contributions will be the formulation of these strands into a workable 
business tool, and the integration of economic and environmental 
considerations within strategic decision making.
In brief the  contributions to knowledge are likely to be in the following 
areas;
•  An investigation into the construction design process to  establish the 
crucial stages in terms of environmental Impact.
• A critique of the  government response to environmental issues in 
construction.
• A simple energy calculation tool for use within existing building
procedures fully integrated within a life cycle cost model. This will
capture a vast proportion of the environmental effects of a building.
•  Development of procedures to  integrate this decision making tool 
within the  construction design process.
•  A study of the  current client climate, why clients do not currently invest
in the  service life of their buildings, and w hat can encourage them  to
do so.
Developments in this arena are closely monitored with a view to  
establishing:
• How can the  EngD project benefit from this knowledge.
•  The relative stage of the project development.
The implications on the contribution to  knowledge outlined above.
5. The 24 Month Dissertation
The production of a dissertation at the  24 Month Stage represents a 
milestone in EngD research at which time the following m ust be 
dem onstrated:
•  The sta te  of understanding before project commencement
•  The current level of understanding and progress to  date
•  The potential contributions to knowledge throughout the next 4  years
•  A sound strategy for the remaining 24 months of research
•  A comprehensive literature review
The preliminary outline for the dissertation can be found below, the 
chapter titles are suggestions only a t this stage and have been selected to
represent the them e of the  chapter. Approximate word counts will reflect 
the relative depth of each chapter. The first draft is planned for mid 
August.
5a. Dissertation Plan:
a. Executive Summary
Will draw a number of pertinent them es out of each chapter, and will also 
include some of the key dissertation conclusions.
b. intro
Will outline levels of understanding before project com m encem ent and 
summarise key aspects. (300-800 words)
c. Construction and the Environment in Context.
Will draw from documents already in circulation. Will discuss the rapid rise 
to the fore of environmental considerations in construction, and disclose 
the hard hitting figures. The complexity of the situation will be underlined 
and the position/contribution of the UK Government discussed.
PFI will be introduced and justified as the initial environment for study. 
(1500-2000 words)
d. The 80/20 Rule.
This section will help the reader "see the w ood for th e  trees" following 
the path taken deciding to  concentrate on Use-Phase energy as no t only 
the major impact of the life cycle of a building, but also one of th e  m ost 
important environmental challenges facing society. May also include a very 
simple worked example to  dem onstrate th a t the em bodied energy of th e  
building materials is insignificant com pared to  energy use.
(1000 words)
e. Life Cycle Costing.
Explain why integration of costs is a V. Important aspect of the  project ie: 
To dem onstrate that service life planning has potential to  accrue econom ic 
benefits, th a t the operation phase of a building will account for 5 tim es its 
capital cost, and that this makes the package a potentially more tem pting  
prospect for clients (and the Tarmac Boardroom!!). Explain how  LCC has 
been seen to  be at odds with DfE, through excessive discount rates, and 
discuss the  merits of applying valuation principles a t th e  design stage.
(1500 words)
f. Energy in Buildings 
Will look at:
Assessment of types/classes of building stock in the UK and their relative 
energy consumption and emissions.
Current M ethodologies for Assessing Operational Energy Use 
Complexity vs Accuracy in calculation.
The key design param eters to  affect energy use.
Environmental Impacts of Energy Usage.
(1500 words)
g. Design Management Process
PFI project development process, examination to establish:
W hat are the  distinct stages of Project Design?
How does the current LCC initiative Inform this process? (Swindon)
W hat are the  Key Stages w here LC info is used.
On w h at timeframe do these  lie?.
Identify "W indow of Opportunity"(i.e.: at which stage of design is fu ture 
environmental impact determined?)
Route for Environmental Information.
How could routes be adjusted for non-PFI environments.
(2000 words)
h. Case Study (les)
Examples of application, perhaps v. minor small components of a design 
(real/speculative) Case studies may be integrated with sections f and  g 
above.
(1000-1500 words)
g. 24 Month Review 
Update of Aims/Objectives
Gantt chart outlining th e  next stage of the path in identifying these 
objectives.
(Graphical, so 500 words)
h. Conclusion
Summarise and set in context of c.
(1000 words)
i. References
All key references to  date .
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6. Research Papers: Current Plans.
Potential Research Papers currently under consideration for the
forthcoming 6 month period include:
• The failure of the UK government to  seize a significant opportunity to  
engender change in the  construction industry with the release of key 
documents, namely the Egan Report, "Rethinking Construction" and 
the Construction chapters of "Opportunities for Change, A UK 
Strategy for sustainable development" This paper could also 
investigate the importance of the built environment to achieving the 
Kyoto targets, and why current progress is so slow in this area. 
Countries such as Norway for example, have far less challenging 
targets and yet are much further advanced in their research. (This 
paper could be written on current knowledge)
• A detailed examination of the Construction design process to  establish 
at which stages crucial environmental param eters are determ ined. 
W hat scope is there to  reverse the dam age after this time? Using TSP 
and TB examples w here possible. (This paper would require additional 
skills/knowledge to  be gained in the next 6 months)
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Appendix: lEA Annex 31, Contributing Project Titles
Titles of the Annex 31 research group sorted by country.
Australia
Development of a CAD based model for assessing the comparative 
embodied energy impacts of alternative materials to  assist in determining 
the environmental Impact (embodied energy and C 02 emissions)
Aspects of sustainable construction in domestic residential development 
(can current forms of environmental assessment be combined or modified 
to  produce a model for assessment of comparative sustainability of 
housing development options)
Energy analysis of the construction of office buildings, M aster of 
Architecture thesis, October 1994 4.An energy analysis of the  national 
construction industry
Energy use in the built environment and its greenhouse gas implications. 
Proceedings of the International Symposium on Energy, Environment and 
Economics, University of Melbourne 1995
Canada
C2000 Program
Development of an environmental skills registry 
Building Environmental performance criteria
Denmark
A framework system for environmental assessment of buildings
Life-cycle-based building design. Energy and environm ent model, 
calculating tool and database.
Environmental data for building materials in th e  Nordic countries, 
NonA/egian Building Research Institute.
Environmental data for selected building materials. Consumption of fossil 
fuels and emissions of C02 and 502.
Inventory of Emissions to the Air from Danish Sources 1972-1992.
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Finland
Environmental impacts of building materials
Sustainable residential area. Assessment of environmental impacts of four 
typical Finnish residential areas
Environmental emissions of production and use of fuels
Greenhouse gas emissions related to  energy production and consumption 
in Finland
France
The param eters of the environmental impact assessment of heating 
systems in residential buildings
Development of qualitative methodology of environmental quality 
assessment of high school projects in Parisian area
ATEQUE : French workshop on building environmental quality assessment
Atmospheric pollution evaluation, pollution from the residential sector in 
France - September 1995 5.EQUER
Germany
Life-time energy- and material-flow balances of buildings
KOBEK combined calculation m ethod for construction costs, energy 
requirement and environmental load
OGIP optimisation of total energy requirem ent, construction costs and 
environmental load in integrated planning
GEMIS Total emission model of integrated systems
GISBAU Risk information system compiled by the  professinal associations 
of the building sector
Japan
The estimation of energy consumption and C 02 emission due to  housing 
construction
Evaluation of building design using life cycle C 02 analysis
Practical application of the life cycle assessm ent theory to  construction
14
Environmental life cycle analysis of electricity supply systems 
A life cycle Energy analysis program as a design tool
Netherlands
Environmental information in the Building Sector 
Environmental impact of comfort installations in dwellings 
Handbook of Sustainable Renovation 
Experimental environmental classification of house construction 
ECO Quantum, draft report on method development
New Zealand
The embodied energy content and thermal performance of commercial 
office type low rise multistorey buildings constructed from a range of 
building materials
Embodied Energy Coefficients of Building Materials 
Norway
Testing the Environment Profile-method
Some Environmental and Economic Aspects of Energy Saving M easures in 
Houses
Buildings in a Life Cycle Perspective 
Sweden
The Environmental Manual 
Environmental Assessment of Building Components 
Energy use from cradle to  grave for three single-family houses 
Energy use from cradle to  grave for multi-family houses 
Environmental assessment of Buildings - National program
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Switzerland
Environmental Life Cycle Inventory of Energy Systems - Bases for an 
ecological comparison of energy systems and the  inclusion of energy 
systems in LCA
Life Cycle Assessment, Evaluation and further developm ent of Valuation 
Methods
Environmental Life Cycle Inventory and Life Cycle Impact Assessment of 
building materials; Bases for an ecological comparison of building 
constructions
Building Constructions according to  Ecological aspects
United Kingdom
Environmental Handbook for Building & Civil Engineering Projects - 2 
volumes
BREEAM/New offices: Version 1/93: BRE 1993. BREEAM/Superstores: 
Version 2/90: BRE 1990. BREEAM/Existing offices: Version 4/93: BRE 1993. 
BREEAM/lndustrial units: Version 5/93: BRE 1993. Environmental standard: 
BRE 1995
The Office Toolkit: BRE 1995 
Environmental Code of Practice: BSRIA 1994
United States o f America
Environmental Knowledge Base Advisor for Facility Life-Cycle Decisions
DoD Renewables and Energy Efficiency Planning Program Manual 
USACERL ADP Report 95/20
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We now have the technology to 
create desirable, low energy 
workplaces. What we don't have is 
the demand for them - without this 
we will continue to churn out more 
of the same, and more CO2.
Monaghan (1995)
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1. Summary
One of the greatest challenges of the 21®' century will be to find more environmentally acceptable ways of 
living whilst still maintaining economic growth. For decades economic growth has been considered to be the 
principle indicator of a healthy society. Only comparatively recently have we begun to wake up to the 
environmental impacts of this growth. There is now rather more urgency from government, industry and the 
public at large to develop the means to satisfy society’s present needs without compromising the ability of 
future generations to meet theirs.
At each end of the global economic spectrum, Immense pressure is being placed on the global environment, 
despite the fact that great imbalances exist between the lifestyles and expectations of those with access to 
resources and those without. The wealthiest nations use the greatest quantity of energy per capita, resulting 
in the emission of detrimental substances, while the people in the poorest countries put pressure on the 
environment in other ways, destroying ground cover in the search for fuel, or using inefficient industrial plant 
out of necessity.
In the UK, and much of the developed world the built environment is the principal framework around which 
society functions, and exhibits some very weak environmental credentials. The environmental impact of the 
construction industry is never short of profound, from the quarry fece to the construction site, but it is the 
legacy the industry leaves which will have the most significant environmental impact; the completed building. 
Energy use during the operation of buildings accounts for a vast proportion of the UK’s CO; emissions, and 
despite the fact that awareness of energy efficiency in buildings dates back to the 70s and beyond, buildings 
are still being constructed in the UK with scant regard for their energy performance. Yesterday’s concerns 
about profligate energy use centred on the implications of depleting the earth’s stock of fuel resources. 
Today’s concern is made even more compelling by the mounting evidence linking energy consumption and 
its associated emissions with global climate change.
When new buildings are procured, the importance of the operational phase is missed as  emphasis is placed 
on short term and capital costs. Despite this, the most significant environmental and financial impact of 
buildings are cast in this phase. A significant part of the problem lies in the fragmented way in which buildings 
are procured, the stages of inception, concept, design, construction and operation are often considered in 
isolation with little interaction between parties. A new procurement route in the UK, the governments Private 
Finance Initiative (PFI) represents an ideal opportunity to demonstrate that careful consideration of a building 
in use can deliver significant whole life environmental and financial benefit.
Given this situation, the objective of this EngD research project are to:
a) Develop and implement a procedure for the calculation and optimisation of life cycle energy consumption 
and life cycle cost during the design stage of PFI buildings.
b) Integrate this procedure into the project design development and management process.
c) Understand the attitudes of clients towards the operational efficiency of their buildings and the 
environmental and cost implications this implies.
The ultimate environmental and cost performance of a  building will depend not only on what the designer and 
contractor can deliver, but also more fundamentally on what the client requires. As buildings represent a  one- 
off, and infrequent investment however, clients are often inexperienced in the practice of building 
procurement, this is particularly the case in PFI projects. In order to reflect this fact, this project will develop 
an instrument for clients to experiment with the energy, environmental, and cost options open to them in their 
investment at the conceptual and design stages.
This research project is using one of Carillion’s  current major PFI healthcare projects as a case study to 
develop a baseline energy and cost performance standard. The methodology will subsequently be developed 
into a standalone design tool.
The objectives are being met by matching costing and energy calculations with key stages in the construction 
design process, taking account of the data availability and data quality requirements at each stage. Basic 
energy calculations can be performed at the earliest stages of design using the LT (Lighting Thermal) 
method, described in chapter 7, This early consideration of energy performance is very important, since there 
is an inherent temptation to scope the design using traditional rules of thumb, thereby simply replicating what 
has gone before. More detailed energy modelling at later stages of design brings a vast array of potential 
tools on the market, many of which rely on CAD (computer aided design). A tool has not yet been selected for 
this application, but a  discussion of the current thinking can be found in chapter 7.
Costing of the structure is possible at a slightly later stage in the design process, where materials and 
construction methods, along with the client requirements are more clearly defined. The life cycle costing 
element of the model uses data from a variety of industry sources, and expresses these over the life cycle 
using a discounted cash flow methodology. The limitations of this approach are discussed in chapter 6. 
These limitations will be addressed using feedback from clients, after which amendments will be made.
Research papers have been planned to arise at key milestones in the project's development, further 
consideration of these papers, along with proposed titles and a brief summary of contents can be found in 
chapter 8.
Despite the fact that energy modelling and life cycle costing are long established concepts within the 
construction industry these methods have not been used near to their full potential. This can be seen in the 
fact that office buildings are still being constructed all over the UK which take no account of operational 
energy consumption and operational cost. This EngD research is unique in that it will bring the major 
environmental impacts to bear on those groups who have the capability to influence, and reduce these 
impacts, and at the right time. The contribution to knowledge will arise from the development of a  predictive
tool that allows environmental impact and cost scenarios of buildings to be assessed from the earliest stages 
of the design process.
As chapter 4 will demonstrate, the environmental impacts of our buildings are some of the most significant 
arising from any aspect of human activity. Despite this it is clear that there are significant opportunities to 
make improvements, and this research will make some significant steps towards addressing them.

2. introduction
Minimising environmental impact is one of the largest challenges feeing the construction industry, for a  long 
time outside the global environmental debate, the industry is now seen as  one of the key elements of more 
environmentally sustainable society (Cunwell and Cooper, 1998). Living and working in one of the most 
urbanised countries in the world means that building construction will be one of the cornerstones of the UK’s 
vision of a  more environmentally acceptable lifestyle, i.e. part of the solution, not part of the problem.
Environmental 
Effects o f the 
Construchon 
Industry
Visible Environmental Impacts
Air Emissions
Use of Natural 
Resources
Energy
Consumption
Material
Manufacture
invisible Environmental Impacts
Figure 2 .1 : Visible and invisible environmental impacts of the construction process (Horsley. 1998)
The environmental impacts of buildings are apparent at all stages in their life cycle, from the quarry fece, 
through the brickworks and construction site to their eventual demolition. Construction is one of the few 
industries in which the public are involved as part of their everyday lives, not only through the use of 
buildings, but also the visibility of the construction process. The visibility of construction activities has a 
bearing on their perceived environmental impact (see figure 1.1), it is however the less tangible aspects of 
the built environment which carry the greatest environmental burden; "in-use energy" (Parrott, 1998) (Smith, 
1998) (Eaton and Amato 1998).
This is not to suggest that some of the highly visible environmental impacts are not significant, for example 
the construction industry in the UK consumes 350 million tonnes of primary aggregates annually, and
produces 70 million tonnes of waste each year. The vast majority of this waste is landfilled, or used in low 
level local applications such as landscaping.
However, when it is considered that buildings are responsible for nearly 60% of the UK’s energy consumption 
(Parrott, 1998), it becomes clear that not only is this one of the most significant environmental impacts of 
contemporary society, but also a significant risk to operators of buildings who will face significantly higher fuel 
prices in the future as governments attempt to curb profligate energy use. As a finite resource, energy prices 
over the life cycles of buildings will inevitably show an upward trend.
The life expectancy of a building is difficult to assess due to the complex interaction of functional and social 
considerations which occur throughout the buildings life. These interactions may cause a building to come to 
the end of its life prematurely. This phenomenon is known as obsolescence. The design life of buildings is in 
the order of 50 to 100 years, although there are examples of buildings with much longer and shorter design 
lives, for example the new MP’s accommodation at Portcullis House, Westminster has a  design life of 250 
years.
The current building stock in the UK is amongst the most energy inefficient in Europe, lagging behind even 
some former Eastem Bloc countries (Van Hal and Dulski, 1998, p108) (Porritt, 1999, p19). Over the next 10 
years, it is estimated that only 10% of this inefficient building stock will be replaced, whilst during this period 
the actual area of the built environment will increase by 3% hence exerting a significant responsibility upon 
new building designers to bear the burden of the old whilst designing the new (Slavid, 1998, p46).
Environmental initiatives within the construction arena have largely concentrated on the environmental 
impacts of the materials or construction phases of the life cycle. Whilst this is undoubtedly important, by far 
the greatest environmental gains can be made from encouraging greater in-use efficiency. Whilst the concept 
of energy efficient building is not new, the uptake of such initiatives has been low (Monaghan and Hobbs, 
1995, p29). The costs of environmental pollution arising from energy generation is not intemalised within the 
construction phase, and is largely overlooked. Making the case for energy efficient buildings has not been 
helped by the artificially depressed energy prices, one factor being the deregulation of energy supply which 
has in recent years has caused energy prices to plummet.
This dissertation will examine some of the key environmental impacts of the construction industry, and 
describe a research project aimed at bringing the most significant impacts identified to bear at the design 
stage of buildings where the scope for environmental improvement is at its greatest.
10
3. Construction and the Environment In Context
When we consider the environmental impacts of products and services, buildings do not naturally spring to 
mind. Buildings have long life cycles, often of greater order than human life, and for this reason they are 
considered differently to other consumer items such as electrical equipment, cars, and so on. The truth is that 
despite these observations buildings, and our use and interaction with them are essentially similar to other 
products. The processes which dictate the obsolescence of buildings for example are rarely structural 
considerations (buildings do not generally "wear out"), but rather a combination of functional and social 
considerations. Demolishing one building to make way for another has to be seen as  the worse possible 
environmental option, regardless of the new building’s environmental credentials, but this all too often the 
case. Consider for example the demolition of the so called terrace “slums" in the 1950s and 60s, we are now 
demolishing the tower blocks which replaced them to make way for housing development not dissimilar to the 
original terraces. Whilst there may be problems with the tower blocks, it is the eagerness with which the slate 
is wiped clean which is the cause for environmental concern.
The environmental impact of the built environment can be considered at a number of stages in the building 
life cycle, from raw material extraction through to demolition. The direct environmental effects of the 
construction process are highly visible, much more so than most production and assembly operations. The 
most significant environmental effects of this process are waste generation, and the pollution of controlled 
waters. The Environment Agency deals with 17,000 water pollution incidents each year, 20% of which are 
caused by industry. Within this 20%, the most frequent and serious offender is the construction industry, and 
the trend for such incidences is said to be moving steadily upwards (Environment Agency/CIRIA, 1999). The 
majority of incidents from construction sites involve discharges of silt or oil, but occasionally discharges of 
sewage (from damaged or wrongly connected sewage pipes) or chemicals used in the construction or 
demolition process occur. Silty discharges occur as  a result of dewatering operations, soil stockpiles or other 
areas of exposed earth, whilst oil discharges most commonly occur as a result of plant or tank refuelling, 
(ibid)
Simple precautions can prevent almost all water pollution incidents occurring. Silty discharges can be 
prevented by the provision of suitably sized settlement lagoons, wheel washing facilities, or the negotiation 
with the local sewerage undertaker to discharge to a foul sewer. Oil discharges can also be prevented by 
simple methods, by refuelling plant away from watercourses, and storing fuel securely in adequately bunded 
areas. These static m easures are adequate to prevent much of the pollution from occurring, but perhaps one 
of the most important factors is on site staff training to facilitate a greater understanding of the cause and 
effect relationship behind these incidents, (ibid)
The scope of material wastage within the construction industry is vast, and is a key characteristic of the 
industry regardless of the size of the organisation, value or duration of project, or the building type. In the UK, 
almost half of the 122 million tonnes of waste produced annually is attributable to the construction industry 
(DETR, 1998b). As natural resources become more scarce and more widely appreciated, the w astage of
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such vast quantities material will be shown in progressively less favourable light, as the economic balance 
between wasting and saving changes. It is commonly accepted that materials control and avoidance of waste 
at building sites is made difficult owing to the nature of the construction process and the involvement of a 
wide range of participants, blurring the natural apportioning of responsibility. The greatest proportion of 
wastage can be attributed to 3 major factors;
• the disparity between the sizing of materials required by the design, and those commonly available 
resulting in excessive cutting.
• the mishandling of materials on site and their poor storage.
• rejection of materials which do not adhere to the specifications outlined in the design.
(Enhassi 1998)
It is clear that the construction industry is beginning to comprehend and control the impacts of their direct 
activities (Tarmac, 1998). However, the indirect impacts of the construction are not only much more 
significant and environmentally damaging, but also more difficult for the industry to grasp and influence. 
These impacts are those of the materials production and use phases.
Clearly the pivotal stage in the life cycle of a building is the construction phase, encompassing design, 
construct and commissioning operations. It is this stage which dictates the material requirements further up 
the supply chain, and the behaviour of the structure in use and in demolition. Essentially the whole 
environmental footprint of the building is determined at this stage, only two aspects are arguably outside the 
designer’s control, these being the behaviour of the building occupants, and the social dimension of 
obsolescence which will be discussed later.
The way building materials are considered has changed significantly over the course of this century. 
Traditionally materials were sourced from that which lay around the local community. This factor can explain 
many traditional architectural features such as why Aberdeen was built of granite, much of the stone being 
quarried from within the city itself. An interesting study by Golton (1994) who studied the materials forming 
two Cypriot houses highlights this shift from local to global material dependency. The first house built at the 
turn of the 20''' century, most materials were locally sourced from no more than 20 miles away. The stone 
was quarried in the hills around the village; timber joists, floorboards and partitions cam e from the 
neighbouring village, and only the reeds for a  reed lattice above the roofing joists and the gypsum for 
plastering came from further afield, a  distance of no more than 70 miles. In contrast the materials selected for 
the modem house reflect the global nature of our society, and were sourced from truly international sources. 
Whilst the bricks, sand, gravel, cement and facing stone all originated from the island, som e timber came 
from the USA, steel reinforcements from Belgium, aluminium doors, windows and other fittings from Italy and 
Greece, and glass from the UK. Other materials such as carpets, tiles and minor items were sourced in Italy, 
Spain, Japan and Russia. The more modem house is constructed to greater occupant comfort standards, but 
with the tradeoff that the energy required to produce and transport these materials has too increased 
dramatically.
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Cernent Is one of the most important bulk building materials, and accounts for nearly one-third of the global 
production of non-energetic materials (i.e. those which are not used for energy generation) (FoE Europe, 
1995). The EU currently uses 175 million tonnes of cement each year, over 15% of world production for only
6.4% of its population (ibid). In the long term cement production will be limited by the finite nature of its 
constituent resources (limestone, clay, shale and gypsum), this implies an obligation to use these resources 
more efficiently. However as construction is gathering pace around the world so too are the levels of pollution 
which the processes of extraction and manufacture inevitably produce. This adds a new dimension to the 
debate, in that despite the fact that there are well proven stocks of most non-renewable resources, this does 
not mean there is no pressing need to address our increasing levels of consumption. It is not primarily the 
scarcity of materials which is cause for concern, but also the associated impact of their extraction, production 
and use. Iron and aluminium (as bauxite) for example may exist in large quantities in the earth's crust, but the 
impacts of extracting and processing this material severely limit the rate at which we can safely use these 
stocks.
Consideration of the environmental effects of building materials can be achieved in a number of ways from 
the use of “highly specialised LCA (Life-cycle analysis) through to the application of common sense" (Smith, 
Whitelegg and Williams, 1998, p71). Common sense dictates that the lower the level of processing needed in 
production equates to reduced environmental impact. Lower level processing in itself suggests lower process 
energy use, an important environmental factor.
Life cycle analysis is a tool in which the environmental impacts of a product or service are assessed  in their 
totality, from the extraction, processing and conversion of primary resources to the disposal of the end- 
product. The life-cycle of a typical building is outlined in Figure 3.1 on the following page.
The selection of building materials based on a  life cycle analysis often involves a compromise of properties: 
“what may appear to be an environmentally sound product in one respect may exhibit compromising qualities 
in another” (Friedman and Cammalleri, 1995, pi 62). For example aluminium in one respect releases no 
harmful emissions and is a durable and recyclable building material, however the process of raw material 
extraction and manufacture is extremely energy intensive. On the other hand high formaldehyde emissions 
from particle board products can seriously degrade indoor air quality, and it is very difficult to recover for 
recycling purposes. During the manufacturing phase particle board is extremely efficient how ever, since it is 
made almost entirely of wood scraps and sawdust, curbing the extraction of further raw materials (examples 
taken from Friedman and Cammalleri, 1995, p i62).
Life cycle assessm ent in the construction industry is still very much in its infancy. As to how this situation will 
develop, there are a wide range of opinions and viewpoints ranging from “LCA will provide a valuable tool in 
helping towards the goal of sustainable construction" (Howard and Edwards, 1998, p23) to, “it is not possible
to make a complete breakdown of the total environmental impacts' of building work LCA studies are
unlikely to become a widespread tool in the complex reality of building and construction projects” (Pilvang
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1998, pi 14). A leading light in the development of LCA methodologies has been SETAC (Society for 
Environmental Toxicology and Chemistry). SETAC convened a special working group looking at the use of 
LCA in construction in 1998. This working group recognises construction a s  a  unique field of LCA endeavour 
not least because of the complexity of the contractual relationships and the built product itself. What is certain 
is that until a  standard method of analysing and reporting is available, and with manufacturers keen to 
emphasise the best attributes of their products, analysing the environmental performance of materials is 
fraught with difficulty.
Raw Material 
Extraction
Component
Manufacture
On Site 
Construction
Recycling
Disposal
Landfill
T = Transport
Figure 3.1: The Life Cyde environmental Impacts of a Typical Building. (Horsley, 1999a)
The BRE has spent two years working on a DETR funded project to develop a methodology for collecting 
data on the environmental impacts of building materials. The methodology was finally published in summer 
1999, and contains results generated in collaboration with twenty-five trade associations, with results from 
their members. Some caution was displayed by materials industries in divulging process data, and there was 
clearly some concern surrounding the impact of the analysis on their commercial position. This data has been 
used to form the “Green Guide for Specification” (BRE, 1999), a simple guide which ranks functionally 
corrected building material choices (i.e: groups of products which perform a  given function) over their life 
cycle and gives each material an A, B or C and an overall rating for various environmental performance 
aspects. The environmental issues considered by this method are:
• Toxic pollutants arising from manufacturing and combustion,
• Primary Energy Used in extraction, production, transport.
• Emissions arising from above in terms of C02, VOCs, NOx and S02
• Resource Use: Mineral Resources/Water/oil feedstock
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• Reserves of Raw Materials
• Wastes Generated
• Recycling: % of recycled materials in finished product
% capable of being recycled in finished product 
% currently recycled in UK 
energy required to recycle
In order to give an overall assessm ent of a material or product, these impacts have been weighted. CO; 
production during the extraction, production and transport stages is considered to be the most important 
issue. The ratings of A, B and C are relative scores, for example the range of options within each functional 
category was split into 3 equal sub-ranges, those within the sub range with the least environmental impact 
were given an A category, and so on. Such an interpretation clearly makes the report accessible to those not 
familiar with the subject. Despite this, the methodology fails to highlight which elements of the building have 
the greatest impacts and hence which areas deserve most detailed attention, it simply states the most 
environmentally acceptable option for a number of functional units in the building. Their methodology may 
capture the most significant impacts surrounding the manufacturing process and end of life implications, but 
they fail to highlight how the material selection influences the operational performance of the building. 
Considering the importance of this stage in determining whole life cycle environmental impacts it represents a 
major gap in their analysis, despite the fact that the operation phase may be outside the remit of their 
research.
Great responsibility lies with the construction industry to develop and promote the use of environmentally 
sound construction materials. The industry does not consume significant amounts of energy, or produce vast 
quantities of CO; by its direct activities, “rather assem bles components from the manufacturing industry that 
have already done so” (Edwards, Harris and Holt, 1996, pi 01)
Considering the life-cycle of a building in the manner suggested by Edwards et. ai above, implies that the 
environmental impacts of the construction process accounts for only a fraction of the environmental impacts 
of the materials. What they, fail to mention however it that in a  life cycle perspective, both of these factors are 
overshadowed by one stage in the life cycle: the use phase.
The table on the next page (Table 3.1) shows the contribution of the built environment to national energy 
consumption and CO; emissions, demonstrating that the relative significance of the construction and 
materials phases is minimal compared to environmental impacts in-use.
The significance of the transport sector in national environmental burdens is not surprising considering fuel 
usage for passenger and freight transport has increased by 60% in the last 20 years (DETR, 1996). 
Considering construction design can significantly influence transport emissions as well as those arising from 
the construction and operation of building stock, suggests that the real impact of the built environment is 
considerable.
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Table 3. //Construction related contributions to national energy consumption and CO; emissions in the UK. (Adapted from Parrot 
1998. p4)
16
"Vast sums are wasted in heating and cooling buildings, and huge amounts of energy 
and materials are squandered in making large, impressive glass-clad skyscrapers 
which tell us little except that we have the power to do these things. We have after all, 
the power to go to the moon, yet few of us have actually been* (Smith, Whitelegg and 
Williams. 1998, p35)
4. Buildings in Use: Energy Efficiency in Practice
In the northern hemisphere, people now spend around 90% of their time indoors, in homes, workplaces, 
cinemas, shopping arcades and supermarkets (Papanek, 1995). It is increasingly apparent from what we 
build, that total isolation from the external environment is sought. The vast majority of offices for example are 
artificially heated, cooled and lighted. With this in mind the figures discussed in Table X seem more palpable. 
It is however equally clear that buildings as products have some of the worst environmental credentials, 
impacts may be large, but so too are the opportunities for making improvements.
In the last chapter, construction related environmental impacts were considered on a national scale; 
examining environmental impact of a single building in more detail proves no less illuminating. Studies by 
Smith et. al. (1997) suggest that in the whole life of a house, one single element is responsible for over 80% 
of the environmental impact: energy for space heating (see Figure 1).
0.5%
9.9%
1.0%
88.6%
■  Construction and Major Repairs 
H Transport of Materials
□  Energy for Space Heating
■  Disposal
Figure 4.1: Relative life cycle environmental impacts of a single unit dwelling. (Smith, 1997)
Studies of similar detail in office and commercial buildings are few, however a detailed life cycle study of steel 
and concrete framed office buildings by the Steel Construction Institute in 1998 suggests that the findings of 
Smith’s 1997 study also hold true for office buildings, by concluding that "It is immediately apparent 
that...embodied energy and 00% are completely insignificant when viewed in context of their scale relative to 
the total life cycle values." (Eaton & Amato, 1998, p29)
This view is challenged by Connaughton (1990), who suggests that with increasingly shorter major 
refurbishment cycles, the importance of the embodied energy of construction materials increases. This 
argument, whilst possibly valid for sectors such as retail, is not applicable to most other commercial buildings. 
Retail is a relatively unique example since materials are selected on the basis of their ability to portray an 
image, this often means selecting high quality materials with high embodied energy levels. These high quality
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materials are changed frequently on cycles of around 5 years to keep the brand Image up to date, increasing
the relative importance of embodied energy against in-use energy.
In Smith’s 1997 study outlined on the previous page, it was suggested that the energy for space heating 
could be reduced by up to 75% with careful consideration of “ecological design changes in building 
specification”. There are some remarkable examples of energy efficient design, one of the most striking is 
that of the Rocky Mountain Institute in Colorado. Despite its location, a mountainside at an elevation of 
2165m, where winter temperatures can fall as low as -40'’C; the building heating supply is almost solely from 
its occupants and the sun. The only other source of heat are two wood fired bumers which very occasionally 
need lighting, and account for less than 1% of the total heating requirements. Such exceptional thermal 
performance is achieved through super-insulation to the floor walls and roof, double glazed windows are 
argon filled to reduce heat loss. It has been estimated that the building uses only 10% of the energy of a more 
traditionally conceived design. Savings of 99% on space heating and water costs, and 90% of the domestic 
energy requirement are thought to have at least offset the additional costs of construction, although an 
indication of exactly when the “payback” occurred is not given (Weizsacker et. al. 1997).
Such idealistic examples are a long way from the realities of building procurement in the UK, and research 
has suggested that the acceptance of energy efficient environmentally oriented design across Europe is at its 
lowest in the UK. Despite the lumbering inefficiencies inherited from their past Eastem European countries 
fare much better in this area than may be expected, much use is made of traditional methods and materials, 
and at the same time “quite considerable attention is paid to the environment when constructing new 
buildings" (Van Hal and Dulski, 1998, pi 08).
Energy consumption in non-domestic buildings varies over a range of about tenfold, and yet despite this there 
is no evidence to suggest that the there is a positive correlation between user satisfaction and productivity 
and this energy use. (Baker 1995, p246). The energy performance of a building represents the summation of 
three largely independent factors, the building design, the services and systems design and efficiency, and 
the behaviour of the building’s occupants. These variables are captured in Figure X below.
Building form. 
Orientation, Location, 
Characteristics of 
Building Fabric (u-value). 
Atria Dimensions.
Choice of HVAC, Natural 
Ventilation, Heating 
Systems, Artificial 
Lighting.
Occupancy and Vacation 
Patterns, Employee 
Awareness and Training.
Figure J.f;The 3 major factors contributing to the energy performance of Buildings. (Horsley, 1999b)
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Atria Dimensions.
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Building energy efficiency begins with the design of the building itself, the u-values (thermal transmissivity) of 
the walls, floor, roof and the plan of the building (a deep plan will result in greater demand for artificial heating 
and lighting) are just two examples of such design considerations. The building design will formulate a 
demand for a particular type of service design to maintain the necessary internal conditions. The demand for 
energy will depend upon the efficiencies of these systems in meeting these requirements. Finally there is the 
occupant behaviour factor, which results from the occupants and/or facilities managers operating these 
systems in a less than optimum manner, such as leaving lights switched on, having temperatures set too 
high, and heating unoccupied rooms.
The relative contribution of each of these factors to overall building energy performance was considered by 
Baker (1995) who studied a number of office buildings and attempted to isolate the contribution of building 
and occupant related factors. Baker argues that a building with inherently good environmental performance, 
but being equipped with poor services design and management may use more energy than a poorly 
conceived building with efficient well managed services. In comparing a fully air-conditioned glass-clad 
“horror story” with a naturally ventilated and lit building with an atrium Baker concluded that:
a) If systems and occupant factors are fixed, the range of energy use is likely to be upwards of 2.5 times.
b) If system parameters such as lighting loads and ventilation rates are allowed to range over plausible 
values the energy consumption range increases to 5 times.
c) Poor occupant behaviour can lead to over twice the required energy being consumed as necessary.
Baker suggests that it is somewhat disappointing to an advocate of energy efficient design that the building 
factors amount to little more than half the total of the system and occupant factors. However the building 
factors are the most difficult to change, they are essentially fixed for the life of the building, should these 
factors require adjustment, then major remodelling of the building or even demolition may be required. It can 
be argued that the systems of the building can be changed to by retrofitting more efficient plant, reflecting 
technological development. Similarly, the behaviour of the building's occupants can be developed through 
training and awareness building.
Whether the three energy performance factors identified in figure X can be considered independent is open to 
debate. The design of the building has been found to have a profound effect on the behaviour of its 
occupants (Standeven et. al. 1998). This phenomenon has been noted as long ago as 1971 by Humphreys, 
who suggested that greater isolation from the external environment (i.e. higher levels of artificial heating and 
lighting) leads to a less tolerant occupant in terms of fluctuating heating and lighting levels. There is also an 
interaction between the inherent characteristics of the building, and the performance of the systems, a 
building with low ceilings and lightweight (low mass) construction for example will place greater demands on 
the heating and ventilation systems than those with heavyweight construction, and greater room height to 
depth ratio. This complex interlinkage of factors supports the notion that the design stage is the crucial stage 
in the design of an energy efficient building, other factors clearly influence the final performance, but scope 
for influencing these factors is clearly at its greatest here.
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At the Earth Summit in Rio in 1992, the UK and other developed nations agreed a voluntary target to 
implement measures aimed at returning their emissions of carbon dioxide and other greenhouse gases to 
1990 levels by the year 2000 under the Framework Convention on Climate Change. At Kyoto in December 
1997 the 174 parties involved drew up a new protocol to reduce their emissions of a “basket” of six principal 
man-made greenhouse gases to 5.2% below 1990 levels over the period 2008-2012. In contrast to 1992, this 
target would be a legally binding commitment. The target covers a basket of six greenhouse gases (carbon 
dioxide, methane, nitrous oxide, hydrofluorocarbons, perfluorocarbons and sulphur hexafluoride), weighted 
for their global warming impact. (DETR 1998)
Real progress towards meeting the Kyoto commitments in the UK will be masked somewhat by the COg 
reductions surrounding the widespread switch from coal to gas as a primary source of electricity generation. 
During the period 1990-1997 emissions of the basket of 6 greenhouse gasses fell by 9%. The protocol 
requires average emissions over the period 2008-2012 to be reduced by 12.5%. Despite this, the 
Government have made a manifesto commitment to 20%, and scientists involved in the Inter-Govemmental 
Panel on Climate Change suggest that a 60% reduction is required (Houghton et al, 1990, pxvii). The fact that 
buildings are responsible for around 50% of the COj emissions in the UK suggests that the built environment 
is on the verge of either a forced or voluntary revolution in terms of its consideration of energy efficiency and 
building life cycles. It is unfortunate that today's reality gives little indication or encouragement to adopt full life 
cycle perspectives in the design and procurement of new buildings.
Considering the significance of the environmental burdens of building operation, and the fact that "a typical 
office building will consume about 3 times its initial capital cost over a 25 year period" (Cook, 1997, p82), one 
might expect this to be an issue taken seriously when specifying a new building. This situation depends upon 
the route by which the building is procured. Property developers looking to sell the building on for example, or 
rent the space present the following argument:
"Current legislation puts little emphasis on producing a building which is either energy efficient or 
which reduces its negative impact on the environment. Incorporating energy efficient practices 
can only be given priority if they either increase letting potential or reduce capital cost. If neither 
of these apply, there is no incentive for the developer to produce an energy efficient building as it 
will neither improve the relationship with the customer, nor directly increase profits"
(Monaghan and Hobbs 1995, p29)
This supports the notion that clients are principally driven by capital costs, and see energy saving measures 
only in the context of their short term benefits. This is also supported by anecdotal evidence from all regions 
of Carillion Building, where it is suggested that only the most enlightened clients are prepared to invest in low 
energy design. A characteristic of recent contracts however suggests that the relative importance of 
environmental aspects amongst clients is shifting, chapter 7 will consider how these shifts in opinion can be 
clarified.
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5. The Private Finance Initiative: A New Age in Building Procurement?
The term “Private Finance Initiative” (PFI) used in context of building procurement gained recognition in the 
UK during the 1980s, however the term is only used to describe the procurement of government 
accommodation and facilities. The emphasis in PFI is upon the service provided by the building rather than 
the physical constituent elements. This approach to procurement can be seen in other sectors, particularly 
office electrical equipment, and mobile telephones. PFI is part of a group of approaches to procurement, 
these are:
• PFI: Private Finance Initiative.
• BOO: Build, Own, Operate.
• DBFO: Design, Build, Finance and Operate.
• DCMF: Design, Construct, Maintain, Finance
• BOOT: Build, Own, Operate and Transfer (to client).
The unifying principle behind all these approaches to procurement is that the promoting consortia designs, 
builds, finances and operates the project for the benefit of the client. The term PFI however only applies when 
the project is commissioned by a public client such as the government or a local authority. Although the 
principles of DBFO and PFI have been known for some time, the profile of PFI was considerably boosted by 
events in 1989 and 1992 when the government sought greater involvement of the private sector in public 
projects. Officially launched in 1992 by the Chancellor of the Exchequer, the Private Finance Initiative (PFI), 
was set against a backdrop of widespread privatisation during the 1980s, in which many state owned and 
operated institutions were sold off to the public sector in a drive to "free up the economy, allowing competitive 
market forces to dictate and reduce public sector inefficiencies and overspending" (Owen & Mema 1997, 
pi 63). Although PFI has been seen as a potential solution to some public sector problems, most notably the 
provision of quality education and health services, this is not to say that PFI has been without problems. 
There appears to be widespread frustration about the numbers of projects which have reached financial 
close, fewer than initially anticipated. Although industry spectators suggest that "the construction depression 
is the only reason why current PFI operators are in the market" (Tolford, 1996), only time will tell whether this 
costly form of bidding will survive in a stronger climate. Since Tolford wrote this in 1996 however PFI has 
consolidated itself, and looks set to become more rather than less common procurement route in the future. 
The cost of bidding has proved highly significant however, and the attractiveness of the PFI concept to 
contractors will depend on government’s ability to keep these up-front financial risks to a minimum.
The PFI requires a change of approach in that the Govemment no longer buys buildings or assets; it buys 
long term services. This often means that even though a building may be required for the performance of 
that service, it would remain in the ownership of the Private Sector. Government pay for PFI services as they 
are used, and this approach clearly lends itself to greater whole life building efficiency since the operator, 
designer and constructor are all part of the same consortia. Figure 5.1 below shows typical stages the PFI 
procurement route.
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PFI Development Phases Party Involved Details
Establish a Business Need
Appraise the Option
Produce a Business Case
Publish OJEC Notice 
(Official Journal of the EU)
Identify Opportunities
Bidder Seeks Prequalification
Selection of Shortlist
Appraisal Refined
Invitation to Negotiate Issued
Bid Submitted
Bids Evaluated
Best and Final offer Submitted
Client
Bidding consortia identify opportunities relevant to 
them and respond to the OJEC notice by means of a 
letter expressing their interest
Bidding Consortia complete a questionnaire detailing 
their financial and technical capabilities and expertise 
for prequalification. This stage will reduce the 
number of bidders to (usually) a maximum of 6.
At the invitation to negotiate stage there will be less 
than 4 bidders who submit detailed proposals of the 
project
The best and final offer stage is optional, it is used to 
reduce the competition to 2, and allows the 
remaining bidder to refine their proposals again.
Appointment of Preferred 
Provider
Contract Reaches Financial Close
Client
Once the preferred bidder has been appointed, the 
contract negotiations commence.
Procure
Construct
Operate
Once all negotiations are completed, contracts are 
signed, and itie concession period sfeirte.
Figure 5.1: Stages in the PFI Procurement Route.
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The timescales for each stage are not shown simply because it is impossible to generalise on this aspect 
Appointment of the preferred provider and achieving financial close on the contract following this appointment 
are notoriously time consuming stages.
PFI schemes are unique in that not only is the contracting consortia exposed to risk over a much greater time 
period than more traditional methods of procurement, but also a single contracting consortium are 
responsible for all stages of project development from, the concept design, to elements of operation in the 
completed building (see Figure 5.2). PFI Is ideally situated to demonstrate the benefits of closer working 
relationships, and consideration of the building’s life cycle, in other routes of building procurement.
Under PFI, the public sector is expected to produce a business case (proposal) for the scheme, specifying 
the functional and performance output requirements; which is subsequently transformed into a service design 
by the private sector consortium. Because the PFI consortium "takes control of the design, construction, 
operating, and financing of the scheme, there is opportunity to introduce innovation that will ensure 
sustainability of the service provision" (Akintoye, 1998) . It is clear that PFI offers unique opportunity and 
flexibility to assess and reconcile the environmental and economic aspects of the scheme.
Figure 5.2 also demonstrates a long recognised characteristic of the construction industry in the more 
traditional routes of building procurement; the fact that the thought processes behind project inception, 
strategy, design, construction and operation are often considered and completed in isolation with little 
interaction between parties. These communication barriers have serious implications on the end product 
since no one party has a stake in ite long term success.
 #
Traditional Route
Design and Build
Management
Contacting
Private Finance 
initiative (PFI)
Figure 5.2: Four altemafive building procurement routes. PFI demonstrates interconnected stages of development wifliin a single 
consortia, but also increases the time exposure to risk (Developed from Franks, 1998).
This problem, re-highlighted by tiie Egan report as one of the more pressing problems facing the construction 
industry has been noted in UK Govemment construction industry reports as long ago as 1962, and yet the 
problem persists:
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"In no other important industry is the responsibility for design so far removed from the responsibility for 
production" (Emmerson Report, 1962)
"We consider the most urgent problem that confronts the construction industry is the necessity of thinking 
and acting as a whole" (Banwell Report, 1964)
'The efficiency of project delivery is presently constrained by the largely separated processes through 
which they are generally planned, designed and constructed" (Egan Report, 1998)
It might be expected, considering the long term nature of PFI investments, from both the public and private 
sector, that PFI buildings would be models of whole life efficiency. Whilst this is to some extent true, in areas 
such as energy efficiency contractual quirks can compromise performance. In the vast majority of PFI 
projects the client is responsible for energy payments which gives little incentive for the contracting consortia 
to optimise energy performance by investing in energy saving techniques.
The concept of PFI is not without its critics, and despite the fact that capital investment is welcome by staff 
and community alike in most public sectors, organisations such as UNISON suggest that the scheme offers 
poor value for money compared to more traditional routes of public sector procurement. Margie Jaffe of 
UNSION suggests that the heart of government’s commitment to PFI is a desire to achieve public sector 
investment without appearing to increase public borrowing, she suggests that considering the relative health 
of public finances at this time, such a procurement route is “absurd”. This mode of thought has come about 
due to the direct comparison of costs of, for example a PFI hospital, and costs of hospitals currently in use. 
This is not necessarily an objective comparison since at the cessation of a PFI contract 25 years from now, 
the local health authority inherit a fully serviceable hospital, as opposed to one which is deemed beyond 
economic repair, as in the case of the current Princess Margaret Hospital in Swindon, barely more than 25 
years since it was constructed.
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"The object of the world of ideas is not the portrayal of reality- this would be an utterly 
impossible task- but rather to provide us wth an instrument for finding our way about in 
this world more easily* (Vailhinger 1876, dted in Kirk et al (1996))
6. Life Cycle Costing in Building Design
When considering the purchase of an item, be it a car or washing machine, all but the least inquisitive 
consumer will attempt to examine the hidden costs of operation and maintenance as well as the capital or 
purchase price. Certain brands of car for example are renowned for their high running costs. Such 
considerations may also hold true for some consumers in the domestic housing market where operating and 
running costs are directly felt by the user.
In the construction and operation of public and commercial buildings however this common sense is 
frequently dispelled for a short sighted outlook. This is due to a combination of factors, but it cannot simply be 
put down to a wholesale lack of understanding. It is a commonly accepted fact that buildings will quickly 
consume more revenue in their operation than they did in capital costs borne for construction. Capital costs 
are however what dominate the design of most non-residential buildings.
A very interesting example of the way in which costs have shaped our built environment is cited in Smith et. al 
(1998). Smith describes how a new block of student residences formally known as “Whitworth Park”, have 
rapidly become known as “The Toblerones” by locals and students. This nickname comes from their peculiar 
shape; being triangular in profile with the roof extending from the apex almost to the ground. The reasoning 
behind this unusual design has since been proved to be financial rather than aesthetic. According to 
University sources, the design stems from an agreement between the University and the City Council over 
funding of the residences, for which the council had agreed to pay roofing costs, hence the large roofs and 
minimal wall areas. This is an undoubtedly amusing story, but in here lies a concem, a concern that cost is 
dominating the shape of our built environment over and above all other factors. Yet perhaps it is not so much 
a concem about the cost of things, but the way in which cost is so narrowly defined. When designing a new 
building, costs in use are rarely considered, despite the fact that these costs are always highly significant.
Operating costs receive little attention mainly because of the way in which our buildings are procured, many 
non-commercial buildings are commissioned by speculative developers who have personal objectives in 
conflict with those of good whole life performance. Speculative builders will be looking for quick turnovers, on 
very tight time horizons, and are interested in minimising only the costs that their organisations incur (i.e. 
capital cost). Their argument is that clients will be looking for cheap rents and hence it is market forces which 
therefore drive this situation.
Real data on building costs-in-use are notoriously rare and unreliable, but what data is available suggests 
that an office building will consume upwards of three times its initial capital cost over a period of 25 years 
(Cook, 1997). In-use expenditure is a combination of energy, refurbishment, facilities management, 
maintenance and replacement, see figure 6.1 on the next page.
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Maintenance Costs
Operating Costs
Figure 6.1: The Iceberg analogy explaining the relationship between capital costs, and costs In use. (RICS, 1992)
PFI projects readily lend themselves to a life cycle cost approach to building procurement, since the 
contracting consortia are responsible for a significant period of the building’s operation and maintenance. 
LCD not only makes good business sense for those involved in PFI, but should also be exploited as a vehicle 
through which clients and contractors, engaged in other procurement routes can t>e educated. Acxieptance of 
energy efficient construction design depends upon clients taking a long term viewpoint on their buildings, if 
they do so, it is clear that both environmental and financial benefits can result
Life cycle costing in buildings developed from a realisation as early as the 1930s that the building’s running 
and maintenance costs impact significantly on the operators budget. From this spawned the understanding 
that the “lowest cost” system of selection was not always the “cheapest” solution over the lifetime of the 
building. This realisation, captured by P. A Stone (1966) of the Building Research Station (now BRE), did not 
prevent the erection of the suburban tower-blocks, which seemed such a convenient and economical solution 
in the'60s, biit have subsequently caused severe financial difficulties for the owners and frequently “living 
hell” (Smith et. al. 1998, p73) for their occupiers.
Life cycle costing (LCC) is a method of economic analysis which allows a mixture of capital and running costs 
to be considered together in the design and planning of a new building. When considering a complex product 
such as a building, assessing the total costs of building designs over their life cycle can be difficult to
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reconcile. Various methodologies exist for conducting LCC, dependant upon the use to which the data is 
being put. LCC studies can broadly be divided into four distinct areas in the field of building and construction:
Life Cycle Cost Planning (LCCP): Used to identify the total costs of the acquisition of a building or building 
eiement. Takes explicit account of initiai capitai costs and subsequent running costs, usually, but not always 
using discounted cash flow techniques’. This technique can be used to facilitate the choice between various 
methods of achieving a given objective.
Full Year Effect Costs (FYEC): This technique is essentially similar to LCCP, however this analysis is usually 
client driven in an attempt to get a very accurate short term picture of the running costs of a building, usually 
over a period of one to three years. Because of the short term nature of the anaiysis, future costs are not 
usualiy discounted. This data is used for internal budgeting purposes.
Life Cycle Cost Analysis (LCCA): This technique involves the establishment of a database on the running 
costs and performance of occupied buildings. This information can then be fed back into the design process 
to assist decision making and to provide definitive benchmarks.
Life Cycle Cost Management (LCCM): Essentially a derivative of the former, LCCM identifies areas in which 
the running cost of a particular system may be reduced either by changing the characteristics of the system 
or operating practices.
Clearly the most appropriate method of application for the contracting sector dealing with long term PFI 
projects is LCCP since a proposed structure is being considered over a long life cycle, and a number of 
design options are to be considered.
The term life cycle costing is actualiy a bit of a misnomer since it is infrequent for the studied life to equate to 
the actual life. Assessing the operating life of a building is inherently difficult, and a building will usually end its 
prescribed definition of life before the end of its physical life. This disparity is known as obsolescence, and 
occurs for a number of (mainly) functional and economic reasons (see table 6.1).
The definition of a buiiding’s life can significantly impact the outcome of the anaiysis, and for this reason it is 
important to establish the most suitable definition at the study outset. This is made somewhat easier in PFI 
projects as the life can be neatly defined in terms of the concession period (contracted operating period). 
Depending upon the contractual details, following the concession period, the client will have the option to 
either extend the contract with the current operator or seek alternative operators. It is uniikely that the building 
will end its life at the cessation of a PFI contract, but this does help to more tightly define the cost analysis.
‘ Discounting or discounted cash flow (DCF) techniques are methods of adjusting the magnitude of expenditure in the 
future to account for the effects of inflation and interest rates.
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Type of Obsolescence Definition Basis for Assessment 
of Building Life
Examples of factors 
leading to 
Obsolescence
Life of the building untii 
such time as occupation 
is not considered to be 
the least cost alternative 
of meeting a particular 
objective
How long will the building 
be economic for the 
client to own and 
operate?
The value of the land on 
which the building stands 
is more than the 
capitalised full rental 
value that could be 
derived from letting the 
building.
Life of the buiiding untii 
such time as physical 
collapse is possible.
How long will the building 
stand up?
Deterioration of structural 
components affecting 
buiiding stability
Life of the buiiding until 
such time as the building 
ceases to function for the 
same purpose as for 
which it was built.
How long will the building 
be used for the purpose 
for which it was initially 
built?
Cinemas converted into 
bingo halis.
Rural railway stations 
converted into private 
homes.
* * *
Life of the buiiding until 
its technological 
superiority over its 
alternatives is 
undermined.
How long will design be 
technologically 
acceptable/superior 
compared to alternatives.
Prestige office unable to 
accommodate 
introduction of high level 
computing facilities.
Storage warehouse 
unable to accommodate 
the introduction of 
robotics for materials 
handling.
■ B
Life of the buiiding untii 
such time as the 
aesthetic acceptability of 
the design and or decor 
is deemed no longer 
favourable
How long will the design 
be aestheticaliy 
acceptable.
Demolition of multi-storey 
flats.
Frequency of façade 
changes in retail outlets.
Table 6. //Definitions and probabie causes of obsoiescence in buildings (adapted from RICS, 1992)
Before any analysis can be undertaken, consideration must be given to the scope of the study, and the 
sources of data to be used. LCC studies can be scoped in a variety of ways, some may look at the whole 
building, while others may examine only one or a number of small functional elements. A variety of data 
sources are available to ascertain the expected life, maintenance requirements and associated costs of 
various construction and service aspects of the building, the most respected (by clients) UK sources are:
A) HARM Component Life Manual
B) BCIS Building Cost Information Service
C) PSA Costs in Use Tables
Manufacturer’s data or the practitioner’s judgement can be used where data is not available, but this lends 
itself less weight when dealing with clients, especially where the data forms a sensitive part of the decision 
process.
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For many years published data on maintenance and operating costs was almost non-existent. In an attempt 
to remedy this a govemment backed Buiiding Cost Information Service was set up. This was to get off to a 
flying start since the government had accumulated information on the maintenance costs for its own 
buiidings. The further deveiopment of sources like this wiil depend upon such information being reieased by 
major property owners, at the moment two difficuities present themselves:
• Rightly or wrongly such information is considered commercially sensitive
• Cost records are usually kept to meet internal costing and budgetary needs, and not in sufficient detail to 
enable information on individual components and subsystems to be identified
(Ferry et. ai. 1999)
Each of the information sources gives a slightly different perspective on the life of building components. 
HARM is the publication of the Housing Association Property Mutual, an insurance company offering long 
term policies for housing associations. Their manual lists the insured life of 500 construction components and 
their approved maintenance schedules. Using this manual an assessment has to be made as to the costs of 
adhering to the maintenance schedules highlighted. The PSA tables on the other hand give a more complete 
picture of the costs, considering capital costs, maintenance schedules and predicted maintenance costs. An 
assessment will be made as to the significant gaps in the information provided by these sources, after which 
a decision will be made on the most appropriate way of overcoming them. What is frequently missing from life 
cycle cost analyses however is real data. PFI projects represent an opportunity to develop a library of real 
cost information, even if this information is too sensitive for release. As a long term objective, consideration 
as to how this data could be captured will be given at a later stage in this project's development.
Several methods of economic evaluation are available to measure the performance of a building or building 
system over a specified time period. These methods include the net present value method, payback periods 
and internai rates of retum. Although each of these methodologies has potential for application within the field 
of LCCP, these methods generally differ in their applicability to particular types of problem. Perhaps the most 
widely accepted method for long term analysis is the nett present value method (NPV), rather confusingly 
termed life cycle cost analysis by the American Society for Testing and Materials (ATSM). This methodology 
will be considered in detail.
The nett present value approach can be used to ascertain the relative financial merits of a number of design 
options over a specified period of time. The basic principle behind the method is that there is a time-value to 
money. Essentiaiiy this reflects the fact that financiai savings made in the distant future are of lesser value to 
the client than those made in the near future, considering the interest that could be accrued from investing the 
money up-front, and the effects of inflation over the study period. This process is known as discounting. 
Seiecting a discount rate is one of the most contested areas of LCC study. The discount rate should reflect 
the clients perspective on the temporal nature of their investment, but should be realistic, in that it shouid
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Calculating a NPV assessment requires a full set of cost information over the study period to be displayed on 
a year by year basis as shown below. In table 6.2 two alternative electric heaters are considered.
Element: Electric Heater Type A 
REPLACEABLE
Cost at Yr
0
(Capital)
1 2 3 4 5 6 7 8 9 10
1500 100 100 100 100 500 100 100 100 100 500
Element: Electric Heater Type B 
REPLACEABLE
Cost at Yr
0
(Capital)
1 2 3 4 5 6 7 8 9 10
1800 50 50 50 50 400 50 50 50 50 400
Table 6.2:10 year Life Cycie Costs for a Electric Heater A and B 
The nett present value of these elements are expressed as:
NPV =
t = 0
c t
(1+ry
Where C is the estimated cost at year t (from table 8.2), r is the percentage discount rate, and T is the period 
of analysis in years.
The basic discount rate is calculated from as a differential of interest and inflation rates:
NDR = ((
(1 + interest %) 
(1 + inflation %) ) )
Consider the results in table 6.2, if these are placed into the nett present value equation with a discount rate 
of 4.7% (6% inflation and 11% interest rates), NPV/time relationship displayed in figure 6.2 (overleaf) is 
given. This suggests that on time horizons of 5 years and more, option B is more financially viable, despite 
the higher capital costs. However when the discount rate is increased, the high running costs of option A are 
downloaded, hence making this option appear increasingly favourable.
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Figure AZ NPV/Time assessment for two alternative electric heaters.
Carillion have been using life cycle cost assessments in their major PFI projects for a number of years. This 
has to date been an essentially retrospective activity, in which assessments are made to ascertain the long 
term financial viability of the proposed design, rather than as an active design decision tool. Time is a major 
factor in PFI Projects, where the clients service demands and requirements must be translated into a design 
in a very tight timeframe, hence further demands on the project team’s time should be kept to a minimum, or 
be timetabled not occur at times of maximum activity. Discounting is not used in Carillion’e LCC 
assessments, essentially because they are not used as a means of comparison between alternative designs. 
There is clearly significant scope to develop this practice.
The practice of discounting future costs has often been questioned. The BRE for example have recently 
criticised the whole concept of life-cycle costing on the basis of its approach to discounting. The BRE 
considers the long life of buildings, and an economic analysis tool in which favourable emphasis is placed 
upon costs occurring early in the products life are incompatible (DETR, 1998c). The selection of a discount 
rate is one of the most contentious areas of LCC study particularly where the practice is being used as an aid 
in the selection of environmentally oriented solutions.
The form of LCC tool employed will depend upon the purpose of the analysis. In considering energy saving 
measures, one of the simplest ways of considering the cost of additional capital investment is the payback 
period. The correct name for the technique is “simple payback period”, and is expressed in the equation on 
the following page.
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SPB= - 5 -  
(A-a)
Where C = Cost of Energy Saving Measure 
A = Annual Saving
a = Additional annual costs associated with Energy Saving Measure
The key advantages of this methodology are its transparency and simplicity. However this methodology can 
only be used to assess a single energy efficiency measure, where two or more measures are employed, the 
concept of a payback period is compromised. Payback periods of up to five years are generally considered to 
be acceptable (Roaf 1999, Bull 1995), however the whole concept of payback places emphasis on recouping 
additional costs quickly, and does not place any value upon the additional benefits a low energy building 
strategy can bring.
A factor which is commonly linked with cost is value. Value Is a less tangible variable than cost capturing the 
worth, desirability, and utility of the building to the client. Value can be increased by reducing whole life costs, 
but in reality it is more complex than this. It may include factors such as personal comfort, occupant 
satisfaction, aesthetic values, social impact, building life/durability, functional adaptability, and environmental 
benefits. These sets of values will vary between clients and individuals, but prove to be useful contexts in 
which to discuss the possibility of increasing capital costs.
Summary
Essentially the project requirements for the life cycle costing stage are;
• A methodology for combining capital and operating costs.
• A methodology which allows single components and whole buildings to be considered.
•  A capability to compare different schemes and designs.
•  A form of presentation that both the project team and clients can easily relate to.
•  A methodology which can provide a convincing case for reconsidering capital costs.
The NPV methodology meets the first three criteria. Clearly the final two criteria here are the most important, 
and a fuller understanding of these will be gained as the project develops, in assessing the reaction to some 
of the preliminary findings. It is argued that the NPV approach represents the most satisfactory method with 
which to carry this project forward. This situation will be reviewed again in the next 6 month report.
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7. Service Life Efficiency: Developing New Procedures
Chapters 4 to 6 have outlined the general project aspirations in bringing energy assessments and life cycle 
costs to bear on the design stage of buildings. PFI has been identified as an ideal arena for the trial of these 
techniques since the contractor is placed at risk over a significant period of the building’s life. This chapter will 
deal with the more practical considerations of how the method will fit within current construction practice, and 
discuss the practicalities and data availability for energy and costs assessments through the design stage. 
The objectives of the research are discussed in this chapter, and the following discussion will provide a 
framework and focus for understanding them.
The objectives of this research are to:
a) Develop and Implement a procedure for the calculation and optimisation of life cycle energy consumption 
and life cycle cost during the design stage of PFI buildings.
This is the major project deliverable, and is discussed in detail in this chapter. Various methodologies for 
energy and cost calculations have been considered, and these are being developed into an integrated 
procedure.
b) Integrate this procedure Into the project design development and management process.
In order to deliver objective a, consideration is given to the way in which the new procedure will fit within 
the design development process.
c) Understand the attitudes of clients towards the operational efficiency of their buildings and the 
environmental and cost Implications this Implies.
As the ultimate environmental performance of the building is constrained by the client requirements, 
consideration must be given as to how their views and outlook can be influenced.
These objectives are interdependent, although for purposes of the discussion below, the approach to each 
objective is discussed. The design process is considered first, since it is the framework around which new 
procedures will sit.
The design process is central to this research, as it seeks to influence this process through new tools and 
modes of thought. It must however recognise the inherent constraints and limitations this process imposes. 
Design is a sequential, but iterative process, and the needs and requirements of the design team will vary 
throughout. For example, In the early phases of the design process, the essential requirement is rapid
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feedback as the many design options are quickly reduced to a number of workable options. Detailed 
calculations of projected energy consumption and life cycle cost would be impossible, and counterproductive 
at this stage. Tools which require simple Inputs, which can be rapidly assimilated are required. The basic 
phases of design development are Inception, Outline, Scheme, Detail and Production. These basic stages 
are outlined below, along with a brief description of the appropriate levels of decision aid tool for each stage 
in figure 7.1 on the following page.
Inception: This is the first stage of the process and precedes the actual practice of design. During this stage 
the requirements and objectives of all the project stakeholders are established. The potential opportunities 
presented by the project are determined together with a strategy on how to proceed.
Outline: During this stage, an appraisal is made in which a basic outline of layout, design and construction is 
agreed, ensuring that the basic approach is feasible in a technical, financial and functional sense. The site, 
legal and other project constraints are studied and reported.
Scheme: The purpose of this stage is to complete the brief, and decide particular proposals such as planning 
arrangements, appearance and constructional methods along with the outline specification. The remaining 
viable options are considered in more detail, requiring more rigorous analysis of the key design elements. 
The main task during this stage is to ascertain the scheme which best satisfies the client objectives.
Detail: The purpose of this stage is to obtain final decisions on ali matters related to design, construction and 
cost. During this stage the design team strives to optimise the design within the constraints of the outcome of 
preceding design processes and decisions. The design is co-ordinated with the trade package strategy.
Production information: The final stage in the design process where working drawings are prepared, along 
with schedules and specifications for procurement and production.
It is a commonly accepted fact that the earliest stages of the design processes are where some of the most 
significant decisions are made: 80% of the projects value will be fixed within the first 20% of time in the 
design process (Tarmac, 1999). This research must therefore recognise that there is a window of opportunity 
within the process of design, from the very earliest phases, to a point in time where very little impact can be 
made on either the environmental or cost performance of the structure.
Optimising the economic and environmental performance of a building is therefore dependant upon an 
interaction of 3 basic factors:
Design Tools: Tools for converting design information into life cycle cost and energy assessments.
Design Process: Recognition of the stages in which maximum influence can be exerted, and ensuring tools 
are tailored to the needs of these stages.
Design Team: Recognition of the groups in which these tools can be used, and what expertise Is required 
from them.
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Energy Design Tool
There are a vast array of potential tools and applications on the market which calculate the energy 
performance of buildings, either as a whole or certain elements, such as seasonal heating, cooling or lighting 
demand. Before evaluating the market however, careful consideration was given to the exact requirements of 
the model using the following basic questions:
• What are the major contributors to building energy consumption?
• How variable are these contributors across building sectors?
• What elements of the building influence these factors?
The answers to these questions provided a framework with which to assess building energy performance 
methodologies. A discussion of these factors starts below.
In 1998 the DETR funded a research programme in collaboration with Sheffield Hallam University which 
investigated the energy performance of the current building stock. This was a major study examining data 
from the database of the Valuation Office Agency containing information on 1.4 million non-domestic buildings 
In the UK, this represents approximately 70% of the total (non-domestic) building stock. This detailed data 
includes use classifications, dimensional and other data relevant to energy use, and is used to extrapolate 
results from individual energy surveys to the stock as a whole. The data from this investigation has proved 
Invaluable in scoping this study. (Pout et. al. 1998).
The results of this study clearly demonstrate that the relative energy demands of various aspects of the 
building and services varies widely across building types. Amongst the most energy intensive building 
applications occur in the health sector, where heating, lighting and cooling account for 75% of the energy 
requirement. Despite the significant variations, it is these three factors which account consistently for over 
70% of energy consumption in non-domestic buildings, this is demonstrated in figure 7.1. The energy 
required for heating and cooling also includes the fans and pumps and other ancillary equipment necessary 
to operate the system. Other major contributors to non-residential building energy consumption are IT 
equipment, and catering, but these vary significantly across sectors, and rarely account for more than 15% of 
total energy consumption, except for in isolated instances such as catering in hotel facilities, or in notoriously 
IT intensive sector offices, such as finance. In the classes of buildings procured through the government's 
PFI strategy, mainly health, education, defence, correctional and govemment communications and office 
buildings, heating, cooling and lighting energy requirements account for between 75 and 90% of the total 
demand.
The environmental impact of energy use will also vary with the type of energy consumed. Consumption of 
electricity for example is associated with the release of a greater percentage of COg than the direct 
combustion of fossil fuels as is common in space heating. Consideration of the relative environmental impacts 
of different building energy sources is considered in Appendix A. This information suggests that the energy
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usage of various components of the buiiding as outlined in figure 7.1, do not necessarily relate directly to their 
environmental impacts. Components such as lighting which use electricity produces more COg than the direct 
combustion of fossil fuels for components such as space heating.
Service Sector Average
Health f
F
Education
[■
G overnm ent (excluding D efence)
Other
f Sports and  Entertainm ent ^  
C o m m erc ia l Offices 
C om m unication  and Transport 
Hotels and Catering
Retail ^
F
W areh ou ses  0 K '
■i d 8i
j  Heating 
3DHW 
3  Catering 
□  Light 
3  Cooling 
3  Small pow er
0.5 1' 1.5 2
GJ/tr?/year
2.5
Figure 7.2: Average energy consumption per unit floor area for service sector buildings. (Pout et. al. 1998)
Space heating, cooling, and lighting as major energy consumers have an important element in common, in 
that decisions and actions taken over the whole life of the building will impact upon the scale of their 
contribution from the drawing board to the very end of a building’s operation. It was discussed in chapter 4 
that the energy consumption of buildings is attributable to building, services and occupant factors, all three of 
these factors play an integral role in the determination of these consumption factors.
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The figure below considers each of the three major energy consumers and suggests how building, services, 
and occupant factors influences each of them.
Building Related Factors
Energy Consumer Building Design Services Design Occupant Behaviour
• Site planning and layout • Specification of Air •  Density of Occupation
• Depth of Plan form Conditioning System, •  Period of Occupation
• Provision for Natural ability to operate in mixed •  Tolerance
Ventilation and night mode. •  Awareness and Training
ventilation cooling. • Energy source
• Proximity of openable • Efficiency of Fan System
windows
• Floor to ceiling height
• Glazing Ratio
C o o l i n g • Building Fabric
• Characteristics of Building • Ventilation Rate •  Density of Occupation
Fabric • Efficiency of pumps and • Period of Occupation
• Solar gains from glazed fans in system. •  Awareness and Training
area • Choice of Fuel
• Building Fabric,
construction/insulation of
walls, floor and roof.
• Floor to ceiling height
J i  S ' • Plan Shape
H e a t i n g
• Glazed area • Artificial light source • Tolerance
• Inclusion of an Atrium selected. •  Occupation Patterns
• Depth of Plan • Levels and Standards •  Staff awareness and
f  \ • Control of Daylighting adhered to. training.
Y  /
Controls
L i g h t i n g
a^ble 7.1: Factors influencing the 3 most important energy consumers in non-commercial buildings (information from Pout et. al 
998, Baker, 1998).
t is clear that with all these factors good performance must begin with the strategic decisions made by the 
lesign team early in the design process. As was discussed in chapter 4, occupant behaviour is conditioned 
»y these early decisions. Building factors also have the least scope for change throughout the building's life, 
irhereas services can be upgraded, as would be customary over the life of a building. This immediately gives 
lome idea as to the general form of the energy design tool. Further weight to this argument is given by Baker 
1999) who takes a common sense approach in suggesting that a building in which solar gains are carefully 
lontrolled, and in which fabric heat losses are moderated, require far less intervention from mechanical and 
(lectrical services, and inherently allow less opportunity for inefficient operation.
)uch considerations require strategic decisions to be taken at the earliest stages of design. Evidence from 
he design management process, even in PFI projects suggests that at these key earliest stages the current 
ipproach is to use traditional "rules of thumb” to cover the energy related design aspects of buildings. This 
lew is supported by Roaf (1999) who suggests that we need to reconsider the way in which buildings are
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designed, and move away from simply repeating what has gone before, and all the inefficiencies which go 
with it.
With this in mind, the importance of considering the energy requirements for heating, lighting and cooling at a 
very early stage in the design process becomes clear. At the moment energy modelling is often only carried 
out at later stages of the design process, using complex C.A.D (computer aided design) linked tools. These 
complex tools perform a very different function than those required in this work, and although they can be 
used to assess the energy consumption of a building, the level of information required means that they are 
unable to support decision making at earlier stages in the design process. There is clearly a trade off in 
selecting a simple tool for the analysis of energy performance early in the design process or use more 
detailed tools later. Since the building design is largely determined in the earliest stages, and has a whole life 
influence on energy performance (unlike services design or occupant behaviour), influencing this early stage 
is a priority. The more complex tools which are used to assist building services engineers in the later stages 
of design can be used to ensure that the energy performance targets imposed by the designers at the earlier 
stages have been met.
There exists a need for a design tool to assist in the formulation of a building strategy, around which to 
assess options and compare designs at the earliest stages. Simple energy design tools using basic 
construction parameters, are rare, symptomatic of the way in which, many buildings are designed. One such 
methodology does exist, the LT method. The LT, or Lighting Thermal method recognises the need to 
consider energy consumption as a central early design consideration. The LT method, formulated by Baker 
(1998) of Cambridge Architectural Research. This method was originally developed for the EC “Working in 
the City” Architectural Ideas Competition.
The essence of the LT method is to encourage reduced dependency on artificial heating, cooling and lighting, 
maximising the area of passive zones in the building, and minimising the areas where artificial systems are 
required to maintain a desirable environment. Passive zones can be daylit and naturally ventilated and may 
make use of solar gains for heating in winter, but may also suffer overheating by solar gains in summer, if 
they are not adequately shielded. They are defined by orientation, south facing facades needing the least 
assistance from services. Areas which are more than 6m away from a window are termed non-passive zones 
since they have to be artificially lighted, ventilated and cooled.
Using basic parameters including plan depth, and section, orientation, façade design, the incorporation of an 
atrium, and the presence of adjacent buildings, the LT method predicts the primary energy consumption for 
heating, cooling and lighting. The emphasis on primary energy is important, since it considers the 
inefficiencies inherent in the fuel type and its transmission. Further consideration of the differences between 
primary and delivered energy, and why this distinction is important can be found in appendix A.
The LT method contains over 30 building parameters, most of these are fixed to aid in manual calculation 
simplicity. A computer LT model also exists in which total control is given over all variables. This model has
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not been released by Cambridge Architectural Research, and the author is currently in negotiations with the 
company. This may form a satisfactory tool with which to support more advanced stages In the design 
process.
Life Cycle Costing too!
The life cycle costing methodology is more simple to describe, since it has been a feature of the design 
management process in Carillion for a number of years. The current procedure encapsulating Life Cycle 
Costing is known as Design to Cost Management.
This research can rely to a certain extent on the expertise of the building economist in this process in 
sourcing and validating the cost data. The role of the building economist is to facilitate the design process by 
providing initial and future cost data, hence helping the project and design team to more fully understand the 
implications of their decisions. The development of the LCC process in this research may require additional 
skills and knowledge. One of the most crucial considerations in this research will be its approach to 
maintenance and operating costs which occur during the building life cycle, and how these can be 
incorporated into the design decision process. Some provision must be made for the fact that costs occurring 
at day 1 are seen in a different light than those occurring at year 40. The use of cumulative nett present 
values (NPV) has its disadvantages, as discussed in chapter 6, but it currently represents the most realistic 
interpretation of both the client and contractors desire to recoup the savings of any upfront investment over 
the shortest period realistically possible. Unlike the payback methodology however it places no emphasis 
upon a period over which the investment must be recouped, if at all, and allows greater scope for 
consideration of the additional benefits the investment may bring.
The selection of a discount rate for use in the analysis is an area of critical concern for an LCC study. 
Selection of this rate can have a crucial impact on the outcome of the analysis, as discussed in Chapter 6. in 
order to use the NDR (Nett of Inflation Discount Rate) and therefore obtain a realistic focus to the analysis, 
information must be sought on the predicted inflation and interest rates over the next 25-30 years. This 
information will be sought over the next project period (see project plan, chapter 9).
Energy costs will be incorporated into the total cost profiles, and hence consideration of the likely price 
increases over the study periods must be given. Obtaining predictive data for energy costs over the life of a 
typical LCC study (25 years) is notoriously difficult. Following investigations with local gas and electricity 
providers (including National Power) it seems that the major energy providers do not predict prices over such 
periods. This is surprising since predictions of price are also instrumental in assessing the likely demand. The 
Govemment have undertaken some work in this area in the DTI Energy Paper 65. This paper considers the 
likely demand and price of various energy sources using a number of modelled economic scenarios. Further 
details of this survey can be found in Appendix B.
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Development of the Procedures
The combination of these previously untried techniques is being undertaken on one of Carillion’s major PFI 
schemes, the relocation of Princess Margaret Hospital (PMH) in Swindon. This project is awaiting financial 
close (as of 28/9/99), and work is likely to start on site over the next few months. It is unlikely that the 
application of these new techniques to PMH can deliver any substantive environmental benefit, since the 
project is nearing the construction stage. Instead the techniques are being used to examine the decision 
making process in retrospect and examine the likely impact of these new tools on the environmental and 
economic performance of the completed hospital. Considering the very tight timescales at the key design 
stages of a typical PFI project, it is considered unfeasible to develop new procedures on a ‘live’ project.
Of course, these procedures will eventually need to act as a standalone active design aid. Retrospective 
assessment of the decision making process is insufficient to deliver real environmental and economic 
benefits on future projects. The new design processes under development in this EngD research are termed 
“Service life efficiency procedures”.
The service life efficiency procedure will be complementary to the design development process as shown in 
figure 7.3 on the next page. This diagram explains the need to develop a low energy and a reference case for 
each proposed project. This reference case represents a non-optimal design (i.e. scoped using traditional 
rules of thumb), without the aid of the low energy design tools it may well employ a more traditional approach 
to building and services design. The low energy case would be formulated using the LT method, and the 
expertise of the design team in selecting and prioritising aspects of the low energy strategy. It is considered 
that two designs should be carried through in the scheme design, one energy optimised solution, and one 
more conventional approach. These options can be rigorously costed during the scheme design stage using 
the methodology outlined in chapter 7 (or an iterative development of this). Detailed client consultation during 
this period will lead to a design being selected to go forward to the detailed design stage. Here the more 
complex energy tools discussed previously in this chapter can be used to confirm that the performance goals 
highlighted in the outline design stage have been met.
Methods of increasing understanding of clients attitudes towards the operational efficiency of their buildings is 
an important aspect of this research, a detailed insight will emerge through the consultation process 
regarding the PMH Swindon project. Consideration of the wider attitudes both inside and outside PFI are 
sought. The author is currently considering semi-structured interviews or a postal survey as a means to 
capture this information upon completion of the procedures development process at PMH Swindon.
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‘ Design Stage
Outline Design
Scheme Design
Detail Design
Production Information
Use of Service Life Efficiency Procedure
Confirm performance goals have been met. 
Conduct final analysis.
Establish design brief 
Prioritise Low Energy Strategies 
Develop Reference cases 
Develop Low Energy cases using LT method 
Establish Performance Goals (Cost)
Evaluate Schemes 
Select favourable Reference and Low energy Case 
Perform Life Cycle Cost Calculation 
Present Results to Client 
Obtain feedback and Select Strategy
Figure ZJ.* Proposed Structure of the New Life Cycle Efficiency Procedures.
In summary, a new service life efficiency procedure is proposed to specifically examine the iife cycie energy 
consumption of PFI projects, and their life cycle costs. It follows that good life cycle energy performance, 
equates to better cost performance, but their are a number of other driving factors, such as increased user 
satisfaction, which are more difficult to measure.
This procedure is being developed through retrospective examination of one of Cariliion’s major PFI projects, 
evaluating the design decision log, the building's current cost and energy performance, and how this could 
have been influenced by these new techniques.
It is expected that this procedure will have a notable effect upon the way Carillion’s PFI buildings are 
designed, although it must also be recognised that energy and cost performance, however important this 
report suggests they are, represent only two of the many important issues facing the designer.
The ultimate success of this research will depend on the effective dissemination of the findings in order to 
influence the wider audience. Perhaps most importantly it must promote the use of the tools outlined in this 
report to the whole industry, PFI may represent an ideal development platform for this research, but it 
represents only a fraction of the buildings constructed in the UK each year.
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8. EngD Project Plan.
This dissertation represents progress at the 24 month stage, and has outlined overall objectives for the 
following 24 month registration. The purpose of this section is to plan the following 24 month period in order 
to meet the objectives of the research and of the EngD programme.
Programme of Work
In order to meet the objectives outlined in the previous chapter, there are four distinct elements of work 
remaining in this research project, these are:
A) Development of procedures and trial of methodologies on PMH Swindon project.
B) Formalisation and write up of Service Life Efficiency procedures.
C) Trial of Procedures on a Live Project.
D) Dissemination of findings appropriate to the wider audience.
Research for the following 8 months will concentrate on the further development of the service life efficiency 
procedures on the Princess Margaret Hospital Project in Swindon, testing the suitability and practicalities of 
the approach to life cycle costing, and the potential impacts of the LT method for energy oriented design. A 
gap exists for energy modelling during the scheme design stage, and this will be addressed, discussions with 
Cambridge Architectural Research may enable a more advanced version of the LT method to be used. The 
continuity of this approach would be advantageous. Sources of Life Cycie costing data will be clarified, and 
the client’s reaction to the discounted cash flow methodology will be assessed. The outcome of this period of 
research will be a modified hospital design which can be compared against that being built in terms of its cost 
and energy performance. This will demonstrate the potential of the new procedures on future projects.
The completion of this segment of research represents a project milestone, and the outcome of this 
investigation would suggest the potential and scope for accruing environmental and economic benefits over 
periods of approximately 25-30 years, using data from a real project in an energy intensive building sector. 
This is an obvious time to produce a paper, since the knowledge in this field is very limited, and it is also 
information which is increasingly being demanded by clients. For further details of this paper, see the 
publications plan in the following pages. Considering the likely sensitivity of the information considered, it may 
be necessary to generalise statements in the paper, particularly those relating to the costings in current 
projects.
The following segment of research will be the organisation and formalisation of the procedures, and 
methodologies based on the experiences and comments gained in the exercise above. It will outline not only 
the methodologies to be employed in the procedure, but also the teams, workshops, discussions and 
assessments which need to be made by the project team to facilitate this process.
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To complete the project, the procedures will need to be tested on a live project. Because the periodic nature 
of the construction business, it may be necessary to start the trial before the procedures are fully finalised, 
should a suitable project arise during this time.
36 Month Deliverables
The next major progress report will occur at the 36 month stage, the deliverables at this stage wiil be as 
follows:
• Establishment of a baseline energy and cost performance for the PMH Swindon project
• Formulation of a Low Energy Strategy (i.e.: Which energy efficiency measures would be appropriate)
• Finalisation and trial of the energy and cost performance methodologies outlined in chapter 7 on the PMH 
low energy strategy.
• Full service life assessment of low energy strategy in terms of iife cycie energy consumption and life cycle 
cost.
• Comparison of this data with the baseline (ie: What is being built), and national energy consumption 
figures.
• Paper entitled: “Scale of opportunity in low energy long term design" using data from the baseiine/low 
energy comparison. Subject to Carillion approval.
The baseline energy and cost performance for the PMH Swindon project wiil compile data already available 
from the project team. In association with the design manager, building economist and services engineers, a 
low energy strategy will be formed for the hospital in retrospect, particular emphasis will be placed on the 
factors highlighted in table 7.1 in the previous chapter. The LT method will be used to assess these 
strategies, and this will form the review process for this methodology. Life cycle cost figures will be calculated 
using data from sources outlined in chapter 7. The comparison of the figures in association with the project 
team and clients will form a review process for the NPV method of illustrating costs. The completion of these 
stages represents a project milestone, and a paper will be prepared in accordance with the plan on the 
following page.
These deliverables have been considered in the context of the next 24 months research. This is outlined in a 
Gantt chart following the paper and publications plan.
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Publication/Paper Plan 
Paper A
Title: Scale of Opportunity in Low Energy Design 
Target Journal: Building Research and Information
Proposed Contents: Using real data will describe the level of environmental and economic benefits that can 
be accrued from structured consideration of the buildings operation. The PMH Swindon design has employed 
the Natural Step framework throughout its design, and represents the efforts of an environmentally 
enlightened project team. Following an assessment of the impacts of these initiatives, consideration will be 
given as to the likely impact of the proposed service life efficiency procedures. It will outline a future 
programme of research which aims to develop this retrospective assessment into an active design tool. This 
paper will form a marker and platform for future publications.
Target Date: March/April 2000
Paper B
Title: Energy Efficient Design: A Methodology for delivery
Target Journal: Building Research and Information/ Building and Environment
Proposed Contents: Outline of design tool which is used at the inception of a project which predicts the 
environmental impact and cost over the service life of the building. A thought provoking style accessible to a 
wide audience. Will outline the methodology and its potential benefits, and the challenges the tool must face 
in order for it to be accepted in the wider construction/client community. Building research and Information is 
a practically focussed journal with a wide UK readership.
Target Date: Summer 2000
Paper 0
Title: Optimising Energy Efficiency in Non-Domestic Buildings: A design tool.
Target Journal: ICE Joumal: Structures and Buildings
Proposed Contents: Similar in approach to above, but more detail on surrounding literature, development and 
reasoning behind methodology, and supporting tools in the background.
Target Date: Winter 2000/1 (Dec/Jan)
45
iT isk Name__________________________ . __________
Dissertition Due Date
Review
Mock Viva
Presentation to PMH Prqjed Team (Provisional)
Examination of Design Decision Log at PMH Swindon 
Estatiiishment of baseftie enetgyfeost performance at PMH 
Estabtslxnent of lo w  Energy Scenario at PMH 
Euroconference (TBC)
Vha Preparation 
Vka Dale 
S  Review 
Holday
Practical Evakiatkm of LT Method 
Discussion with design team to assess low energy options 
Finahatlon of Revised Hospital Spec/Design 
UfeCyde Costing/Energy Calculations fbrAltemative Design 
Present Memative Sokldon 
Christmas Break 
Finance Distance Learning 
Marketing Distance Learning 
Distance Learning Hand In Date 
Evaluate Resuts/Sensitivity Analysis 
Holday
Discuss Results with dents (IntemaVExtemai (?))
Prepare Paper A
Seek commercial permission to pubteh results 
Submit Paper
Finaisation of Energy/Cost Assessment Melhodoloÿes 
Foimalsation and w rte up of Procedures 
Economic Approaches Module 
Economic Approacties Corasawoik 
Discussion with Key Patties 
MakeAmemkiients 
Dhtrtute Procedures 
Mid Summer Holday 
Materials Module 
Materials Coureeworir 
Write EngD Conference Paper/Paper B 
Rrnriew o f 36 Month Objectives
2000 EngD Conference 
Prepare 36 Month Report
SMeetion of Uae Project In wNch to trial proeerfares 
StrMegy Workshop at Selected P r * c t  
Taking to the Meda
Assessment of Outkw designs using LT Method 
Selection of Reference and Low Energy Cases 
Consideration of How wider cient opinions can be captured 
Life Cyde EnergyfCost Caicularions 
Prepare Paper C
Conclude and.VVtap up work on Site 
Complariog of Portfoio 
Contrm Research Objectives have been met 
Final write up
2001 EngD Conference 
Submit Portfbio for Examination 
Viva Preparation 
FktalVlva
ia.
athOuarter 
Oct I Nov I Dec
St Quarter 12nd Quarter 13rd Quarter ' 14th Quarter ' 11st Quarter
Jan I Feb I Mar I Apr I May I Jun I Jul I Aug I Sep I Oct I Nov I Dee I Jan I Fefc | Mar
^  01/10
B
HI........I
B  .8
J • 
□
0
i
□
426612;
...CHh 
0
ÜD
H i
4  2MM
.... I
a
B
O
4  01/10
Project: engdtis 
Date: Wed 2S6)S«g
RcOedVpSpiit 
]  Roiled lk> MIestone
RoOed Up Progress 
External Tasks
Project Summary
Pagel
9. Conclusion
From an environmental perspective, no other industry can claim to have such a challenging path ahead, from 
quarries to demolition and landfill sites, the construction industry has claim to some of the most significant 
impacts of humankind. However behind all of these huge impacts lie equally huge opportunities, some of 
which are already being seized by the industry. The environmental impacts of buildings do not stop at the end 
of the construction process, but a whole string of different, and potentially more significant environmental 
challenges begin.
Almost half the UK’s CO2 emissions can be attributed to the heating, lighting and cooling of houses and non- 
residential buildings. The concept of energy efficiency in buildings has been a well known issue for many 
years amongst researchers, and industry professionals alike. Despite this the UK boasts some of the most 
inefficient building stock in Europe. This situation has arisen for a number of reasons, most significantly due 
to the way in which buildings are procured. Whilst some uncertainty has been expressed as to exactly whose 
responsibility it is to increase the profile of “green” buildings (i.e.: industry, government or ciients), the built 
environment is in such a condition that a rapid response is needed in order for the buildings of today to meet 
the significant challenges society will face towards the middle of the next century.
The construction industry currently finds itself in a position of significant opportunity through its involvement 
with the government’s private finance initiative, to take the lead in the drive for more environmentally benign 
buildings. In these schemes the private sector are responsible for designing, buiiding, financing and operating 
the building over a concession period in the order of 20-30 years. Most non-commercial buildings are not 
designed with their full operative cycles in mind, and considering this is the period where the most significant 
environmental and financial impacts occur there is scope for a “win-win” situation with “greener” and more 
cost-effective products.
This EngD research represents a step towards exploiting this opportunity, and will develop a procedure to 
facilitate the examination of the energy related environmental impacts and life cycle costs of buildings in 
operation, at the most influential stages of their design. Realisation of the energy performance of a building 
currently only arises when the design process is complete, there is little provision for this information to 
impact the project, and the potential to influence at this stage is minimal. Consideration of exactly where 
energy design tools should sit within the design process has been given consideration in this report. 
Developing energy efficient design presents an option to use either simple energy simulation at an early 
stage of the design process or more detailed tools later. Considering the impact of the building design (as 
opposed to services design and occupant behaviour) upon whole life energy performance, the former is 
clearly the option which presents the most significant opportunities, although there is also scope to use more 
detailed tools to confirm that the energy performance targets have been met.
Some form of financial accounting is crucial to the wider acceptability of low energy design. Life cycle costing 
has had its critics, and part of the remit of this research will be to engender open client/contractor dialogue in
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developing this process. This will be to firstly evaluate the realism with which a discounted cash flow 
methodology models the clients investment aspirations, and also to give them the opportunity to more 
carefully and proactively consider the investment options open to them.
There is a growing body of evidence to suggest that low energy buildings have benefits to which it is 
impossible to attach either an environmental or financial tag, that is occupant satisfaction. CIBSE (Chartered 
Institute of Building Services Engineers) research claims that the most fulfilling working environments are 
those in which occupants are not isoiated from the diurnal temperature and luminance cycle in nature, these 
are key characteristics of naturally lit and ventilated buildings. CIBSE suggest that low energy buildings are 
amongst the most satisfying for occupants, in its major PROBE survey 'The best building ever" consumed 
50% less energy than the Govemments own "best practice" guidelines (Standeven et. al., 1998, p37). The 
importance of occupant satisfaction must not be underestimated, and employers and designers are more 
critically evaluating the office environment and functionality as a means of retaining valuable staff (Raymond, 
and Cunliffe, 1999, P53).
The IPCC has suggested that a 60% reduction in global COg emissions will be necessary, simply to stabilise 
climate change, and avert the worst consequences of global warming. Clearly this is a truly global challenge, 
and the actions of the minority will have limited impact on the wider scale situation, it is often considered that 
the developing nations face the most significant challenge in meeting these global responsibilities, but the 
developed world faces its own fundamental challenges, and this report has highlighted just one of them. The 
built environment encapsulates the challenges society will meet in the next century, particuiarly dependence 
on fossil fuels, and insatiable appetite for increasingly longer distance travel and commuting. The design, 
scale and spatial planning of buildings is the one of keys to understanding and regulating these impacts.
In conjunction with a highly proactive contracting organisation, this EngD research will aim to deliver a 
methodology which encapsulates the whole project team, and their clients in the delivery of energy efficient, 
cost effective and buildings with increased levels of occupant satisfaction. It is a small, but significant part of a 
much wider challenge facing society.
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11. Appendix A: The environmental impact of energy use, and clarification of delivered energy vs. 
primary energy.
Energy use can  be presented In two different ways, delivered energy and primary energy, incorrect 
consideration of these elements can have significant effects on the design strategy. Consider the following 
data, taken from BRECSU documentation, it details monitored energy consumption for 14 offices in the UK.
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Figure 11. /. Annual delivered and primary energy use in 14 UK offices (Baker, 1992)
Building type Heat Cool Pumps/fans Light Total
BRE low energy office nv 155 0 9 8 172 Delivered kWh/m^
163 0 34 29 226 Primary kWh/m^
Cornbrook house nv 85 0 8 50 143
(condensing boilers) 90 0 29 186 305
Hereford and Worcester mm 124 12 19 58 213
130 44 70 215 459
Outer London ac 81 43 27 70 221
(heat pumps) 86 158 100 259 603
Westminster ac 233 23 124 93 473
(induct./core) 245 86 459 344 1134
nv -  naturally ventilated, mm -  mixed mode, ac -  air-conditioned
Figure //.il'Breakdown of energy use of five offices to represent good practice, and variations in primary and delivered energy use 
(Baker, 1992)
In an environmentally oriented strategy, primary energy is a  far more meaningful indicator since it relates far 
better to the release of detrimental gasses such a s  COg, where power is generated from the combustion 
fossil fuels. Primary energy is also more directly related to monetary cpst.
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For a complete environmental picture, consideration must also be given to the energy used in the extraction 
and processing of these energy sources.
Environmental impacts of energy usage are considered in this report in terms of the COg production per GJ of 
energy used. Further environmental analysis is being considered using the PIRA LCA database. The table on 
the next page shows the Kilos of COg produced for primary energy sources (includes the energy for material 
extraction and processing). This data is extracted from the Digest of UK Energy Statistics.
Carbon dioxide emissions from electricity are much greater than for any other fuel, with all the emissions
occurring upstream of the user, the vast majority from power stations. Despite these results, the emission
factor resulting from the generation of energy has decreased substantialiy since the 1950s, when 450 kilos of 
C02 were produced for every GJ of energy produced, this compares with a figure of around 163 in 1994 
(figures taken from DTI Energy Paper 65). This trend is due to a number of factors:
• Increasing plant efficiency with time.
• Decreasing distribution losses with time.
• Introduction of Nuclear Energy in the 1960s.
• Increased use of Hydro Power and other renewable sources.
• Introducing combined cycle gas generation in 1992/3.
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12. Appendix B: Energy Prices to 2020.
In 1995 the DTI published a report entitled Energy Projections for the UK: Energy Use and Energy Related 
Carbon Dioxide Emissions in the UK 1995-2020. The main aim of this paper was to predict the demand for 
energy, and the energy mix over this period with a view to assessing their contributions to the UK COg 
emissions. Energy prices are one of the key variables controlling energy demand, and as such the energy 
price scenario’s outlined in this report are an ideal starting point for the energy price modelling required in this 
research.
Four scenarios are presented, Very High, High, Low and Very Low. These scenarios are designed to 
demonstrate the likely range in fuel prices at a certain point in time. The report suggests that the very high 
and very low scenarios are unlikely to be sustained for a significant period of time, and projections are only 
given until 2000. Details of the high and low price scenarios are given in this appendix, as figures run until 
2020. The table can be found on the next page (Table 12.1).
Electricity is considered to be a special case, since the actual cost depends on the interaction of a number of 
factors. Over the past decade electricity prices have fallen in real terms, mainly due to the falling price of the 
fuel input prices (particularly coal), and the deregulation of electricity providers, which has more tightly 
controlled prices through market competition. In the future the price of electricity will be governed more by the 
price of the input resources, and the impact of the government’s proposed taxation of industrial fuel usage. 
More Information is currently being sought on this subject.
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At the second year EngD Viva on the 25‘^  of October 1999 it was considered that a number of areas of 
literature had not been fully explored. The examiners felt that these areas could add significant merit to this 
research. This supplementary document has been produced in order to consider some of the wider 
perspectives of environmental research within the built environment, with particular reference to work being 
conducted outside the UK.
The growing interest in the environmental impact of the built environment is true of many countries throughout 
the world. Hotspots of research activity are centred upon the USA, Australia, Japan and Western Europe. 
Perspectives and responses to the environmental challenges posed by the built environment vary, but a 
number of individuals in different countries are working towards generally common goals. The cradle to grave 
environmental implications of the construction industry, even when viewed as their constituent components 
are of such significance that international research covers the broad spectrum of construction activities. The 
broad themes in such research are:
• Life cycle analysis based construction materials selection
• Environmental performance of construction site activities
• Life cycle Energy Efficiency
• Holistic Building Environmental Performance
The construction industry’s insatiable appetite for raw materials is a cause for global concern. In the UK alone 
350 million tonnes of primary raw materials are consumed annually, and the industry is responsible for over 
half of the material flows through the global economy (Smith, Whitelegg and Williams, 1998). Extraction is 
only a small part of the whole picture however, materials also require transportation and processing before 
they are delivered to site. With this in mind it is clear that those who specify and design buildings require tools 
and expertise which will enable them to select materials based upon environmental performance as well as 
other criteria which are already used to guide decision making, such as life cycle cost, durability, fitness for 
purpose and quality.
The development of Life Cycle Assessment methodologies for the construction industry is rapidly developing, 
but is at present in a stage of infancy. There have been a number of views expressed as to the applicability of 
LCA in the construction industry, ranging from "LCA will provide a valuable tool in helping towards the goal of 
achieving sustainable construction" (Howard and Edwards, 1998, p23) to "It is not possible to make a 
complete breakdown of the total environmental impacts of building work... LCA studies are unlikely to 
become a widespread tool in the complex reality of building and construction projects" (Pilvang, 1998, p114). 
Many regard LCA as too time consuming, and too detailed in the way it deals with energy and mass flows 
(Anink et. al, 1996, and Bokalders and Blok, 1997), whilst others suggest that LCA studies are too expensive.
and easily give incorrect results. In many ways the view of Pilvang and others is both realistic and 
disappointing, it is true that building systems are far more complex than many subjects of life cycle analyses, 
with longer lives and hence far more uncertainties and unknown factors. However there has never been a 
consumer product more deserving of such analyses, the challenges may be great, but the potential to deliver 
significant environmental benefits are equally significant.
The application of Life Cycle Assessment to the selection of building materials is considered by Jonsson 
(1998a) who studies the applicability of LCA based tools within the industry. Jonsson particularly addresses 
the methodological issues which are unique to construction related applications, hence attempting to 
overcome the complexities of the building as a system.
Jonsson examines the levels of LCA based information currently used in the building products industry. She 
identifies a number of problems with the way this information is structured and presented. Firstly there is a 
problem of access, sometimes these studies are used for internal purposes, or may not be available in the 
required language. Despite these basic problems however there are often more difficult problems in gathering 
information upon which to base an LCA study. The BRE for example found that in the compilation of their 
Environmental Profiles database that gaining the trust of the manufacturers was the greatest problem. 
Manufacturers were found to be fearful of poor comparative performance, or uncertain as to the long-term 
impact of them offering their environmental data for analysis. This was to an extent solved by managing the 
process through the various trade associations of the product groups involved.
An area identified, yet not fully explored by Jonsson is the effective communication of results of life cycle 
analyses. It is widely recognised that different actors involved in the life cycle of a building product have need 
for information in different formats and for different reasons. However seldom recognised that the pivotal 
actor in the building life cycle are the design and construction teams, and the level of information required by 
this group in order to make well reasoned decisions.
The raw LCA results are likely to be meaningless to the critical interest groups within the building system, the 
design and construction teams, already mentioned, and the clients who must understand the performance of 
their buildings before they are likely to attach credibility to life cycle environmental studies. Jonsson (1998b) 
considers the ways in which life cycle environmental information can be presented to the various interest 
groups, and the role of LCA in guiding this process. Six approaches to the environmental assessment of 
building products were selected, and floor coverings were used as a case study example. The approaches 
selected included a detailed LCA study, the Swan Eco-Label, two eco-guides, a product declaration, and the 
principles of the Natural Step Movement. Although the intent here is not to examine the nature of these 
procedures in detail, the question is raised as to the credibility of these approaches, considering their 
diversity. Jônsson suggests that the diversity of these approaches is currently beneficial, however it may 
equally be interpreted as an indication of the uncertainty of the exact uses and needs of this type of 
information. The fact that these different approaches can bring about different results only serves to heighten 
this sense of uncertainty. This is best illustrated using a case study below.
Life cycle assessments have commonly been used to assess roofing and wall insulation. Erlandsson et al. 
(1997) conducted a study to examine the life cycle environmental impacts of various thicknesses of wall 
insulation on a 3 storey dwelling in Sweden. The extra thermal insulation was attached to the dwelling on its 
external faces using special fixing bolts and wire netting, and then plastered to give a durable and 
weatherproof finish. Six different scenarios are considered, no additional insulation, and then varying 
thicknesses of additional insulation ranging from 50mm to 170mm, with a range in U-values from 1.39 (high 
heat loss) to 0.19 (very low heat loss). With each of these scenarios, the environmental impact of the 
measure is investigated along with the emissions saved from reduced heating energy use. The life-span of 
each measure is assumed to be 40 years which is the manufacturers’ stated life expectancy for the insulation 
products. Erlandsson’s results suggest that the environmental payback period for most environmental impact 
criteria is only a few years of the building service life for the 100mm option. For example the extra COg 
produced in the manufacture, transport, fitting and disposal of the extra insulation is negated in 2 years of 
operation due to reduced energy related emissions. Erlandsson concludes that from an environmental 
perspective the impacts of manufacturing, transporting, fitting and disposing of wall insulation materials have 
a “small pollutant effect compared to the saved emissions achieved from reduced heating” (ibid, p 135).
The results of this study may seem to be quite credible, but other studies in similar areas have given quite 
different results. The BRE are currently developing a simplified LCA based tool for use in the design of 
buildings. The tool is known as ENVEST, and Carillion have provided information about one of their PFI 
projects, the Princess Margaret Hospital (PMH) relocation in Swindon. One of the scenarios examined using 
a development version of ENVEST was the environmental implications of increasing the levels of wall and 
roofing insulation.
The ENVEST software is based upon the BRE’s “Methodology for Environmental Profiles of Construction 
Materials, Components and Buildings” (Howard, Edwards and Anderson, 1999) which provides a 
standardised way of carrying out LCA on UK construction products. The BRE methodology covers the 
extraction, processing, manufacture, transport, use and disposal stages of the products life cycle. Its 
assessment method summarises all of the environmental impacts arising from these stages into thirteen 
impact categories covering climate change, atmospheric and water pollution, and raw materials consumption.
Comparisons between Environmental Profiles are always informative, but do not necessarily allow the 
decision maker to reach a conclusion. For example is a product with a high global warming impact which 
does not pollute water resources giving less overall environmental impact than a product which has a low 
global warming impact but produces significant water pollution? Such a conclusion requires the 
Environmental Profiles data in the thirteen impact categories to be combined. In order to combine data from 
different impact categories, each category must be assigned a weight.
BRE undertook a consensus based research programme to weight the issues covered by LCA. The 
weightings represent the perspective of seven UK interest groups, including the public sector, construction 
materials producers and manufacturers, property professionals, environmentalists and academics.
The results showed a surprising degree of consensus about the relative importance of different environmental 
issues across a broad range of interest groups. This consensus has produced a set of weights to convert 
Environmental Profiles data into a single score reflecting environmental impact in the UK. The data in the 
thirteen impact categories are multiplied by the agreed weight for each category and combined to produce an 
ecopoint score. In this assessment method, the scale of environmental impacts in the UK is taken into 
account. The annual environmental impact caused by a typical UK citizen creates 100 ecopoints. More 
ecopoints indicate higher environmental impact.
The results provided by the ENVEST software in evaluating differing levels of insulation are at odds with 
those of Erlandsson. The ecopoints were calculated comparing different U-values using BRE default building 
specifications in a model of the PMH structure. For example a typical brick and block wall construction was 
presumed. Importantly the building is assumed to be mechanically ventilated, which has an impact on heat 
loss figures.
PU insulation was modelled for the walls, roof and floor. In order to achieve a 0.22 U-value, the thickness of 
insulation roughly doubled (from 40 or 50 mm to 100 or 110 mm) in each element of the building, compared 
to the default U-value of 0.45, as required by the building regulations. The results are summarised in Table 1 
below.
U-Value 0.45 0.22
Thickness of Insulation Required 45mm 105mm
Ecopoints of Installed Fabric 33,000 75,500
Ecopoints of 60 year heat loss 266,700 248,900
Total Ecopoints 299,700 324,400
Table 1: Ecopoints for Building Envelopes With Different U-values generated by BRE ENVEST software 
(Dickie, 1999, p5).
Although the ecopoints required to mitigate heat loss through the building envelope reduced by c. 20,000 
when the U-value was increased, this was offset by the rise in the ecopoints (by c. 42,000) embodied in the 
building envelopes installed fabric as extra insulation. These results may reflect the weightings assigned in 
the ENVEST model. Further information on this will be sought.
The life-cycle assessment of building products was considered as a focus for this EngD research, but it is 
clear from work done by people such as Jonsson and the BRE, that this area is moving ahead rapidly. After 
examining the life cycle environmental impacts of buildings through the work of Smith (1997), and Eaton and 
Amato (1998) amongst others, it becomes clear that the energy consumption during the use phase is the 
largest environmental impact of the built environment, and by some considerable margin. This is particularly
the case in the UK which has some of the least energy efficient building stock in Europe, and there are major 
environmental opportunities to be sought through increasing use-phase energy efficiency. Obviously the need 
for efficiently operating buildings does not obviate the need for examining other aspects of the building life 
cycle, but the importance of the use phase should not be underestimated. Jonsson (1998a) suggests that 
whenever the use phase is considered in the life cycle assessments of building products, these impacts 
weighed particularly heavily on the study as a whole. For example when the LCA approach is used to 
evaluate varying thicknesses of wall insulation such as Erlandsson et. al. (1997), it is commonly found that 
the impacts of the additional wall insulation is small compared to the emissions saved by reduced energy use.
The difficulties of considering the use phase within LCA analyses of building systems was highlighted by 
Jonsson (1998a), who suggested that methodological uncertainties inherent in the use-phase affected the 
results more than the compared alternatives. It is suggested that only the impact occurring on or below the 
system level of the functional unit should be studied, any impacts arising from higher order systems, 
particularly within the use phase, depends upon conditions from beyond, and not necessarily controlled by 
the system under study. For example in thé LCA study of steel and concrete building frames by Jonsson et 
al. (1998c), only a small part of the use-phase energy use can be attributed to the choice of building frame. A 
much larger proportion can be attributed to the choice of heating system, heat distribution, cooling and 
lighting.
The consideration of the use-phase in life cycle studies is further investigated by Bjorklund (1999). He agrees 
with Erlandsson (1997) and Jônsson (1998a) that the incorporation of the use-phase into a life cycle analysis 
often complicates the analysis due to the magnitude of the impacts in this segment of the life cycle. Bjorklund 
goes further however and suggests that the combination of production and use phases is unhelpful, as the 
activities occurring in these phases are different and serve different purposes, he goes as far as to suggest 
that comparing these two phases Is akin to “comparing a horse ride to the activity of making a drinking glass” 
(Bjorklund, p85).
Instead it is suggested that the production and use phases of a building should be assessed separately. 
These two separate systems are denoted as the Building Material System (BMS), comprising only the 
building materials and products that constitute the building, in order that the demands originally stated by the 
client and the authorities can be met, and the Distribution and Transformation System for Building Services 
(DTSBS) which comprises the human need for heating, lighting, water, fresh air, electricity, and 
communication services, as well as the need for disposal of waste materials. As opposed to the 
environmental impacts in the BMS, the impacts occurring in the DTSBS can be considered to be continuous 
as opposed to occurring whenever components wear out or are replaced.
Bjorklund suggests that the building materials system can be modelled as a hard system, essentially a series 
of well defined, deterministic events, a system which would work well in an LCA. However, for the building in 
use, a soft systems approach is suggested, where relative, negotiable and expressive variables are 
examined. The building in use is suggested to have several purposes related to different actors all existing at
the same time. The needs of the occupants, and the need for the building may not change, but the way of 
satisfying these needs may, hence the operations of the building and the environmental impact may well 
change over the service life. Because of this, hard system approaches are suggested to be used with care in 
assessing the long term performance of buildings, since they may only embrace part of the real building 
system in use. Few would argue with this assertion, but the ways of visualising and modelling this soft system 
approach, are less clearly defined.
A major flaw in the analysis of Bjorklund is that he fails to recognise that there is an interaction between these 
two systems, and it is with this interaction where many of the major environmental impacts are determined. 
Whilst he recognises that within the DTSBS the scale of the environmental loads are essentially controlled by 
a variety of external (societal) and internal (technical and human) factors, a major controlling factor is the 
nature of the building (BMS) system in guiding human behaviour. This is a very limited and subjective area of 
research, but it has commonly been stated, further details of this can be found in the dissertation on page 18. 
The assertion by Bjorklund that the users of a building will “behave independently of the technical systems of 
a building” (ibid., p76) is unfounded, and research by Baker (1995), Standeven (1998), and Humphreys 
(1971) presents the view that the design and technical features of the building are a crucial means of 
conditioning human behaviour.
Life cycle assessment of building products usually only deal with the performance of small elements of the 
building. Tools have been developed to assess the environmental performance of buildings as a whole. 
These tools are used to address a combination of design, classification and communication issues. One of 
the earliest of these tools was BREEAM, developed by the BRE, and first released in 1993. BREEAM has 
since been developed into a number of distinct versions in order to address different building types. 
Assessment criteria are grouped into global, local and indoor issues, and points are issued according to the 
features of the building being present or not present. The assessment is totalled, and the building achieves 
an overall score of excellent, very good, good, or fair. Assessment methodologies such as BREEAM have 
often been criticised for the limited number of environmental parameters covered. BREEAM however does 
capture many of the most significant environmental impacts of buildings such as energy consumption, the 
use of recycled materials, specifications of heating and cooling systems, and indoor issues such as thermal 
comfort and lighting. Problems occur however when these criteria are combined to form a holistic building 
assessment. The weightings assigned by the points bear little relevance to the actual contributions of the 
criteria to whole building performance. For example truly excellent energy performance allows a total of 10 
points to be achieved, if the building scores poorly here, it could easily make up for this with good 
performance elsewhere in the methodology, despite the huge significance of energy consumption on total 
building environmental impact.
Until recently the development of building environmental performance assessment tools has been conducted 
on a national scale. The Green Building Challenge (GBC) however, is a process of international co-operation 
of 14 countries in developing and testing a building environmental assessment methodology known as 
GBTool (Green Building tool). The process began with the detailed evaluation of 34 case-study buildings
across the participating countries in order to provide a benchmark of international progress in both designing 
environmentally progressive buildings, and in making detailed assessments of their performance. The aim of 
developing an internationally acceptable tool was not necessarily to supersede the large number of 
alternative assessment methodologies already in use around the world, but to move the assessment criteria 
away from strictly those areas considered to be practical and commercially viable, and to generate some 
consensus as to which criteria should be used to assess building environmental performance. Considering 
the size of building related systems, and the scale of the impacts involved, no general consensus had 
emerged as to what constitutes good building environmental performance prior to the Green Building 
Challenge.
The core elements of the GBTool were completed in mid-1998, consisting of two software applications, an 
input model, and an assessment module. The weightings and loadings applied in the model were essentially 
calibrated using case study buildings in each of 3 major building sectors across a number of the participating 
countries, namely schools, office buildings and multi-unit residential buildings. Using the GBTool, buildings 
are assessed against 6 major performance areas, all of which collectively define green building performance 
(Cole and Larsson, 1999). These areas are outlined in Table 2 Below.
Number Performance Area Performance Categories
1. Resource Consumption Energy
Land
Water
Materials
2. Environmental Loadings Airborne Emissions 
Solid Waste 
Liquid Waste 
Other Waste
3. Indoor Environment Air Quality 
Thermal Quality 
Visual Quality 
Acoustic Quality 
Controllability of Systems
4. Longevity Adaptability
Maintenance of Performance
5. Process Design and Construction Process 
Building Operations Planning
6. Contextual Factors Location and Transportation 
Loadings on Immediate Surroundings
Table 2: Performance areas and Performance Categories used in the GBTool. (Cole and Larsson, 1999)
The first three of these performance areas deals with the more commonly accepted building performance 
measures, whilst the remaining three deal with issues which influence these primary performance indicators 
or which represent broader, but critical environmental issues associated with buildings.
One of the key features in the development of GBTool is the desire for the tool to deal with both quantitative 
and qualitative data, dealing with hard and soft data in a similar format. In some of the performance areas.
the assessment methodologies are still rather subjective, particularly where qualitative data is interpreted. 
Although there has been little attempt to standardise the way in which such information is processed, it is 
recognised that there is a need to move towards making such judgements as objective as possible (Cole and 
Larsson, 1999 and Cole 1999).
The scoring system employed is relatively simple, and is operated in the range -2 to +5. Performance is 
assessed relative to a datum condition - the zero (0) on the performance scale. It is intended that this datum 
position represents an average or standard practice position for the particular building type in question, in a 
particular location. It is recognised that the availability of recognised industry performance standards varies 
across participating nations, and in this respect the national teams are left to determine and justify suitable 
industry benchmark standard. The determination of this benchmark is critical since all assessments are 
relativistic.
The demanding performance condition (five on the assessment scale) represents a standard that is 
considerably in advance of current practice. This represents a standard which is achievable with current 
technologies, based on reasonable extrapolation from current practice, but ignoring cost effectiveness issues. 
A negative score (-1 or -2) indicates that the performance is clearly inferior to accepted industry norms. This 
result is clearly unlikely wherever the industry benchmark standard represents regulations or codes of 
practice.
Weighting remains a controversial aspect of building performance assessment, but it is clearly necessary 
when the scope of assessment is broad, in order to bring a large number of performance criteria down to a 
manageable number. This is an area where regional conditions are taken into account, particularly when 
dealing with qualitative data where judgements were made either by the national teams or accepted experts 
familiar with the regional environmental conditions and issues.
The development of the GBTool has clearly been beneficial in generating consensus and co-operation in the 
field of building performance assessment. However its application is as yet to be tested, and as actual 
building performance is a combination of what can be achieved, and what the client demands, its true value 
will depend upon its acceptance within the marketplace. The reliance upon relativistic measures was seen by 
the GBC committee to be a key feature of the tool, in order for qualitative and quantitative data to be easily 
combined, however it is yet to be seen how this decision will affect its reception with the wider audience. In 
many ways the GBTool is similar to the BREEAM assessment methodology in that the final result is useful 
only in assessing the performance of one building relative to another. An absolute assessment scale would 
have allowed comparisons between countries which is not currently possible (since the datum condition 
reflects the national situation). Also similar to the BREEAM assessment is the fact that the methodology 
allows for a good score to cancel a bad score when the two are aggregated. It is clear that the process of 
developing GBTool through the Green Building Challenge is as important as the product it delivers since the 
development of a common language and understanding on the subject of environmentally sensitive or 
sustainable construction is of vital importance.
The energy related environmental impact of buildings is the focus of the lEA’s Annex 31. The International 
Energy Agency (lEA) is an autonomous body formed in 1974 under the auspices of the Organisation for 
Economic Co-operation and Development (OECD) to implement an international energy program and to carry 
out a comprehensive energy co-operation program. The broad aims of the lEA's participants is to facilitate a 
reduction in the dependence on oil and other fossil resources using energy conservation measures, and the 
development of alternative energy sources through a programme of structured research.
lEA’s Annex 31 working under the operating title of the “Energy Related Environmental Impact of Buildings” 
encompasses work from 14 of the 23 member countries of the IE A. The work of this Annex aims to “provide 
building sector reseachers with information to improve methods and data for measuring the energy related 
effects of buildings on their interior, local and global environments”. The work of Annex 31 can mainly be 
divided into two general fields of endeavour; those working on holistic building environmental performance, 
and others working on the performance of individual materials. A further field of endeavour, although 
relatively poorly represented, is that surrounding energy sources and energy infrastructure development. 
Many of the studies aim to capture the whole life of the building or product, with the possible exception of the 
demolition phase in whole building studies where little progress is reported. The details of many of these 
studies are sketchy at the moment, and the progress in only a few of them have so far been reported. The full 
report is expected to be published early in 2000, when further details will become available.
Some of the work of Annex 31 is the re-examination of familiar studies. For example Brunsell (1999) has 
examined the economic and environmental consequences of varying levels of insulation in the Non/vegian 
residential housing stock. What is quite interesting in this study is that the environmental benefits of saving 
energy are quite different than in the UK for example, since a significant proportion of the Norwegian energy 
mix is made up of hydro-electric sources. Varying thicknesses of insulation were considered for the walls 
from 60mm to 150mm extra (above standard levels). It was found that the most economically viable scenario 
was the addition of 150mm of extra insulation, where the added capital costs were recouped in 52 weeks. 
Brunsell’s simulation suggests that the environmental payback may be over even shorter periods, particularly 
where fossil fuels are substituted. This adds a further dimension to the argument for and against the addition 
of further insulative material.
Denmark is commonly acknowledged for its relatively advanced state of building research, and bearing this in 
mind it will come as little surprise that they are spearheading one of the more ambitious projects. Dinesen et. 
ai. (1999) are developing and energy and environmental impact calculation tool for buildings during the 
design stage which will be linked to a C.A.D (computer aided design) package. This is interesting considering 
that this EngD research has already discovered that the levels of detail required by CAD based packages 
essentially preclude their use at the stages of design where maximum influence on energy and environmental 
performance can be exerted. The early phases of design are critical to the energy performance of a building, 
and at these stages rapid assimilation and feedback is required to quickly narrow down the design to that 
which best suits the client’s needs (see figure 7.1 in dissertation on page 45). The use of C.A.D is generally
impractical at this stage due to the limited availability of detailed building information, and the time consuming 
nature of such packages. C.A.D is at its most useful at the end of the design phase during optimisation, but at 
this stage the opportunity to make fundamental energy related design changes is diminished.
An interesting feature of the suite of Annex 31 projects is that they in some way reflect the level of 
understanding and enlightenment in the field of green building design. It is interesting that the anticipation of 
future legislation does not seem to be guiding building related environmental research to any great degree. 
Considering for example the significance of the built environment in greenhouse gas emissions and the UK’s 
relatively ambitious targets for reduction by 2010, it is surprising to note that very little progress can be 
reported in this area. Other countries such as Norway and Finland display projects which are more clearly 
striving for greenhouse gas reductions, and reductions in the contribution of the built environment, despite the 
fact that their Kyoto greenhouse gas reduction agreements are far less ambitious than our own. This 
suggests that other factors are governing environmental research progress across nations. Van Hal and 
Dulski (1998) speak of a varying response of both governments and contracting organisations across 
Europe. Concentrating on the European Housing market, they suggest also that the efforts of governments 
produce different responses from designers, contractors and building operators.
In an initial survey in 1996 on sustainable building policy, concluded many countries in Europe had not yet 
formed policies on sustainable construction and housing practices, but some countries looked to be taking 
the lead, the Netherlands, Austria and Ireland for example had already adopted comprehensive 
environmental protection plans. Countries such as Iceland and Portugal appeared to show little interest in 
sustainable building policies. The countries of Eastern Europe, having only limited funds available for housing 
of any kind placed emphasis, understandably on reducing housing shortages, and at the time, policies on 
sustainable housing were non-existent.
A year later a survey of actual practice was conducted, and the results were rather surprising. The survey 
covered aspects of building practice dealing with energy efficiency, traffic related impacts, water 
conservation, materials assessment and selection, waste generation (on-site), health issues and flora/fauna 
and soil impacts. Of the three countries with comprehensive environmental protection plans, only Austria 
appeared to be doing a great deal in practice. The Netherlands is roughly average by European standards, 
and Ireland scores very poorly. On the other hand Eastern European countries and the Baltic states are in 
practice far more satisfactory than their policy commitments suggest. The United Kingdom scores particularly 
badly on all factors, consistently in the lowest two ranked countries.
One of the interesting discussions to emerge from the Viva was the examination of the driving forces behind 
the vastly superior environmental performance of buildings in much of Westem Europe than those in the UK. 
The discussion which follows is the basis of a much larger examination of the levels of consumer acceptance 
of environmentally sensitive buildings, and the driving forces behind them.
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Ang (1998) suggests that the Netherlands approach to sustainable construction, and building environmental 
performance has generally been government driven. Sustainable development as a whole has been a major 
political issue for a number of years, considerably ahead then of the UK which following the launch of the 
strategy for sustainable development, are only just beginning to see the debate on the political agenda.
In the Netherlands the Government use their procurement of public facilities to “create interest, promote 
interactions and make implementations happen towards different, sustainable attitude in the entire building 
branch" (ibid). Despite the promises of the UK government to “lead by example in the field of building 
procurement”, this has not yet translated itself into targets or goals for achieving significant advances in 
environmentally acceptable design and construction.
The Dutch government set itself the goal of changing the culture of the whole building arena through the 
procurement of public buildings, these targets were set out in the “Plan of Action for Sustainable Building”, 
issued by the Minister and State Secretary of the Dutch Ministry of Housing, Spatial Planning and the 
Environment in September 1995. This policy document outlined a four track policy for achieving their targets. 
One of these tracks is the promotion and creation of sustainable government buildings whilst another track 
provides for stimulation of quality integrated building and construction management (ie; blurring the distinction 
between designer, contractor, operator).
During the 1990s a $1 billion design-build programme was executed for the construction of new courthouses 
and tax offices across the Netherlands. The key characteristic of these projects was to offer the project owner 
a “turnkey” proposal, wholly designed and executed for a budget, under a strict time regime and with 
performances derived at an early stage in the contract. Contractors were selected on the basis of competitive 
tendering. “The co-ordination right at the start of the design and execution provides conditions for an 
integrated approach and effective interaction and as such it ensures the optimisation of different aspects” 
(ibid.). The Dutch Government Building agency introduced the application of the performance concept in 
numerous design-build contracts, in order to fully take advantage of its role as a public procurement market 
player. The major advantages expected in the use of the Performance Concept are as follows:
1. Focus on output instead of input.
The main issue here is the desire to receive a level of performance rather than to prescribe the means by 
which this should be achieved. This is based in the fact that the skills and knowledge in this area belong to 
the supply side rather than the client side. Therefore each member of the team focus on their areas of 
expertise, and none of the members have their creative abilities blunted.
2. Stimulate the Parties to invest In Knowledge and Research as Early as Possible in the Design Process. 
The design/build process always starts with a design-phase. It is in this phase where most of the conditions 
of environmental performance and fitness for purpose will be determined. The level of information available to 
control the large scope for process-control is poor. Research should be focussed upon improving and 
upgrading the level, and quality of information available in these preliminary design stages.
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This approach is remarkably similar in many ways to PFI in the UK. The major differences occur in the history 
of the two approaches to public sector building procurement. PFI was developed for fiscal reasons, 
essentially to “free up the economy, allowing competitive market forces to dictate and reduce public sector 
inefficiencies and overspending" (Owen & Merna 1997, pi 63), while the Dutch system was developed with 
the aim to promote environmental sustainability as a key component. In many ways the greater time- 
exposure to risk, as experienced in PFI projects, where contracting consortia are responsible for a significant 
period of the building’s operation. Although whole life performance is an integral issue in PFI, there is clearly 
much more potential there for the Government to demonstrate its commitment to, and the benefits of 
environmentally sound construction design.
Scandinavia is often considered along with the Netherlands to have an advanced knowledge of the 
environmental effects of building systems. It is interesting to compare some of the key construction statistics 
with those of the UK (see table 3 below).
Measure Finland UK
Energy consumed in Buildings (% National Total) 34 46
Construction Waste Generated (Tonnes/yr) 1.5 70
Construction Waste Per Capita (Tonnes/yr) 0.3 1.2
Table 3: Comparison of Aspects of Building Environmental Performance in the UK and Finland (Data 
Extrapolated from Hulliova et. al. (1998))
The previous example of the Netherlands, suggested how Governments respond in different ways to the 
nations environmental challenges. The Finnish example demonstrates that differences in national culture can 
also stimulate different responses. Despite the fact that the availability of free space, air and good quality 
water are “not seen as a problem, and hence the need to strive towards environmentally oriented solutions” 
(Huovilla, Hakkinen and Aho 1998, p2161) is diminished. However the climatic conditions in the north of 
Europe are cold, naturally stimulating the desire to conserve energy, the nation’s heavy reliance upon 
imported energy enhances this situation.
Sweden also has been at the forefront of environmental research and practice in the construction sector. The 
environmental concerns of the industry have changed in focus over the decades since the 1970s when the oil 
crisis sparked a concern for the energy efficiency of buildings. In the 1980s health was the main concern, and 
in the 1990s environmental sustainability has been the main focus (Glaumann, Malm and Larsson. 1999). 
The Rio Conference in 1992, and the Agenda 21 project have had a profound impact on Swedish society. 
Today national environmental policies are geared towards sustainable development, and nearly every 
Swedish municipality has a fully functioning Agenda 21 action plan.
Materials have been a major focus of environmental research in the 1990s, particularly with respect to the 
flow of materials through the Swedish economy. In 1993 the Swedish government called for a development 
towards a society based on the principle of ecocycles, following which an Ecocycle Commission was
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established. In 1994 representatives from the building and property sectors organised themselves into the 
Ecocycle Council for the Building Sector. In late 1995 the Ecocycle Council adopted a plan of action which 
aimed at establishing a broader producer responsibility. The sectors undertaking spans over the whole of the 
building process, from planning and product development through project design and construction, to 
maintenance, demolition and sorting of final building waste.
What has characterised the Swedish approach to sustainable building is the use of the private housing sector 
in developing and testing new ideas. These ideas have subsequently found their way into public projects, 
especially in the educational sector. In comparison with other European countries there are very few office 
buildings with green ambitions in Sweden. Glaumann et. al. (1999) suggest that this is due to a combination 
of the economic recession in the 90s, and the fact that conservatism is still very strong in the area.
Schools have been a common public sector application of green construction techniques in Sweden. In this 
sector the most common strategies are health protection, low emission building materials, natural ventilation 
and renewable energy sources. Despite the obvious intent and ambition behind the Swedish building sector it 
is still difficult to get objective information on how “green” these buildings are. There is a great need as in 
other parts of Europe and the rest of the world for more data on the actual building performance, as well as 
the tools and methods to make the evaluation possible.
This document has covered a broad spectrum of research work which is progressing throughout Europe, and 
the perspectives of European nations towards sustainable building practices. This EngD research represents 
a slightly different stance in that it is attempting to engender a behavioural change on the part of the client 
before significant environmental benefit can be accrued. This behavioural change is being sought through the 
examination of the most significant environmental impact of a building, its energy consumption during use, 
whilst balancing this with the need to keep the structure financially viable over its life cycle.
The UK Construction Confederation’s Sustainable Action Focus Group have recently conducted a survey on 
attitudes towards the environmental performance of buildings throughout the supply chain from contractors to 
clients, financiers and developers. The findings of the group were that a “vicious circle of blame” exists 
whereby members of the building delivery chain blame other members for poor environmental performance. 
Most respondents to the surveys eluded to the fact that:
• Contractors can provide more environmentally efficient buildings but the developer doesn’t specify them.
• Developers would like to specify more environmentally efficient buildings but the investor won’t pay for 
them.
• investors will not pay for environmentally efficient buildings because there is no demand from occupiers.
This research will attack the “vicious circle of blame” through three routes. Firstly, and most simply it will aid 
the contractor in the provision of more environmentally benign buildings, enabling them to control the most 
significant environmental impacts at stages where their influence is as a maximum. It will demonstrate to
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investors the financial implications of investing in environmentally sensitive design, and the life cycles over 
which such investments will prove fruitful, and finally it will, through practical examples how environmentally 
sensitive buildings can provide benefits for the user, not only through public image, but also through staff 
productivity and retention, which are major contemporary corporate issues.
Complications in weighting are common amongst building related life cycle studies, mainly because of the 
large numbers of environmental loads varying magnitudes occurring on different spatial and temporal scales. 
This has been demonstrated through the examination of 3 building environmental assessment 
methodologies, ENVEST, BREEAM, and GBTool. The issues of weighting in the EngD research are quite 
different. It is recognised that in holistic building environmental assessment insufficient weight is placed upon 
the highly significant environmental impacts such as energy consumption, these aspects are so significant 
that they would completely overshadow the multitude of other environmental impacts occurring throughout a 
building’s life, to the point where investing in some important environmental measures would appear almost 
pointless. This research builds upon this fact, and identifies the need for a separate predictive energy 
modelling tool for building design over and above holistic building environmental assessments and LCA 
studies which provide important, but inherently different perspectives on building performance.
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1. Introduction
As the dissertation of 6 months ago demonstrated the energy consumption of buildings (with particular 
reference to non-residentiai buildings) gives rise to significant environmental concern. As a sector buildings 
are responsible for almost half of the UK’s energy consumption and CO2 emissions, whilst at the same time 
energy awareness is so poorly integrated into the design development process that frequently it is not known 
how much energy is likely to be consumed by a proposed design before it is too late to make any 
fundamental changes.
Energy consumption in non-residentiai buildings, and particularly in commercial office-type environments is 
rising rapidly, despite the fact that many are already grossly inefficient. According to European Commission 
figures the energy consumption of commercial offices across Europe has leaped at a staggering rate of 5.7%  
per year over the past decade. The UK, was found to be performing considerably worse than this, and since 
1980 the energy consumption of the UK’s offices has increased by over 250%. (Eibi, Feb 2000, p2)
With such wide scale inefficiencies clearly gathering pace, the UK’s environmental treaty commitments to the 
Kyoto protocols could be in jeopardy if increases in energy consumption are not brought under control. This 
situation gives rise to this piece of research in which energy assessments are to be implemented throughout 
the building design process, and justified in not only environmental terms, but also economic terms, using 
whole life costing to determine the financial performance of proposed energy saving initiatives over the life of 
the project.
Project environments which foster co-operation and open-mindedness are essential to the development of 
such an initiative, and the PFI which also involves long term service provision through buildings forms an 
ideal environment. PFI has been hailed as the potential vehicle through which sustainable construction 
practices can be demonstrated, however few projects have adopted this approach, and for the majority the 
energy consumption remains a major environmental problem.
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Figure 1.1: The “Window of Opportunity” (X) within the design process.
The design process is the mechanism through which this significant environmental impact can be controlled. 
As the design process progresses, more and more decisions are finalised reducing the opportunity make 
environmentally oriented improvements. At the same time both the costs involved with making alterations to
the design are increasing, and the enthusiasm for doing so diminishing, all equating to increased resistance. 
Ultimately there is a “window”, or period in which the whole life environmental impacts of the building can be 
influenced. See figure 1.1.
The diagram below demonstrates the key considerations which go together to form the optimal building 
design. Each of these factors has a degree of influence, and for many of them a well established route of 
information and decision support exists. See figure 1.2 below.
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Figure 1.2: Factors Influencing the Construction Design Process.
The route by which environmental information reaches the design process is currently ill defined, and 
considering the fact that use phase energy related environmental impacts represent by far the most 
significant contribution to whole life environmental impact, the omission of this information route is a major 
one.
This research represents a procedural approach to the improvement of environmental performance in 
buildings. Taking current knowledge and bringing it into the existing decision structures within the building 
design process in an innovative manner brings significant tangible opportunity to those groups who bear the 
responsibility for these whole life impacts. The understanding and involvement of the design team is crucial to 
the success of this initiative, and with this in mind the process will be complementary to the current design 
procedures.
These procedures will depend upon tools to examine the energy and cost performance of buildings at various 
stages in the design process. These tools are described in the sections below, and can be described in 3 
categories:
•  Tools to aid selection of a favourable design which best meets the client’s brief based upon energy 
performance
•  Tools to optimise the energy performance of the selected design through the application of a number of 
energy efficiency scenarios.
•  Tools to examine the financial implications of selecting a design featuring one or more of these scenarios.
2. Energy Design Tools
A detailed examination of the construction design process was the precursor to the energy tool assessment 
and selection process. This is summarised in the discussion below, with more detail to be found in the 24 
month dissertation.
Tools already in use are generally CAD {computer aided design) based, used during the detailed design 
process to finalise the design, ensure regulatory compliance, and the maintenance of client specifications 
within the operating climate of the building and its systems. In order to move towards more energy efficient 
designs, there exists a need to support both the outline and scheme design phases with tools to examine the 
projected energy consumption as the design develops. This needs to be done in an active manner rather 
than simply through best practice guides such as the DETR funded “Energy Efficiency Best Practice 
Programme” which has had little tangible impact upon building energy performance, and the attitudes 
towards it Generally only “rules of thumb” are used to guide energy related issues prior to the detailed 
development stage, and such information is not conducive to breaking with breaking industry norms and 
trying new ideas or approaches.
Maximum influence can be achieved through taking a structured approach to building energy performance 
throughout the design process. The essential elements are those of selection, optimisation and validation as 
outlined below.
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Figure 2.1: Approaches and influences of energy efficiency throughout design process.
In order to minimise energy use and therefore life cycle costs, the approach suggested is to encourage 
minimal mechanical service intervention wherever possible. This is known as passive design. Between 70 
and 90% of all building energy is consumed in Heating, Lighting and Cooling operations. The aim of this
research is to minimise energy consumption through these three key factors by developing procedures to 
encourage a structured “decision support” approach to energy related issues from the earliest stages of the 
design process.
In assessing the supporting tools and methodologies in this process, this fundamental aim was taken into 
account. In order for this research output to be useful, used and hence generate any tangible environmental 
benefit, it must be both supportive and integral to the iterative nature of the design process. The goals of 
each stage of the design process, should be matched by the goals of the overall energy procedure (i.e: the 
component of this research which aims to minimise energy use). The key stages of design for this research 
are the outline and scheme design processes, following which many of the decisions which affect the energy 
performance of the building are essentially decided. During the detailed design process only validation of the 
decisions made during earlier stages is sought, generally using systems already in place.
The energy performance of buildings is a complex issue, influenced by a number of inter-related factors. 
These factors can be grouped into 3 general areas, being Building Design, Services Design, and Occupant 
Behaviour. This research, in developing procedures to improve the energy performance must develop an 
approach to isolate these factors within the design process, so as to optimise each one independently, and 
hence exerting maximum influence on overall building performance.
Building Design, and Services Design are the main targets of this research, but it is not yet certain how the 
optimisation of these factors affects the behaviour of occupants. Research such as that of Standeven et. al. 
(1998) and Humphreys (1977) suggests that when buildings are naturally lit and ventilated, occupants are 
more productive and more satisfied, but are also more tolerant of cyclical changes in temperature or 
luminance. There is however some anecdotal evidence from within Carillion which suggests that given the 
freedom of openable windows and so on, occupants become more careless, causing problems for other 
occupants. There is most certainly a risk issue here, particularly considering the service-oriented contractual 
arrangements in PFI, where for instance the comfort of all occupants must be maintained.
The application of these procedures will deliver commercial benefit in that much of the optimisation work is 
completed before the PFI contract has been won, or been signed. Throughout the whole of the bidding 
process Carillion will be able to offer an energy optimised design. At the point of reaching preferred provider 
stage a fully costed energy efficiency strategy will be incorporated offering not only environmental and 
economic benefits, but also other less tangible values such as a more productive and satisfying environment 
in which to conduct operations. Considering the fact that Carillion spend upwards of £1 million on each bid, 
and budget on winning only 1 in 3 of these, a small increase in work winning ability can have a large effect on 
the companies bottom line, particularly considering the slender profit margins within the construction industry.
2.1 The Design Process
The following sections outline the key features and stages of the design process, along with a brief review of 
how tools could be used during these stages to deliver environmental benefits.
2.1.1 Outline Design Phase:
Building Occupant BehaviourServices Design
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Energy Procedure Goal: To evaluate the performance of the building design (see below). To aid the 
selection process by assessing each of the feasible designs in terms of basic energy performance.
Design Goal: To rapidly develop and analyse a number of alternative designs and ideas to suit the brief.
Figure 2.2: Building design is the focus of the outline design stage (Diagram taken from 24 Month 
Dissertation)
From an energy perspective, the main objective at this stage is to optimise the building envelope. Whilst 
energy performance is only one of the many parameters that will inform the process at this stage, and whilst 
despite the use of an energy design tool a sub-optimal option may be selected (for project specific reasons), 
it is nonetheless important to bring this previously absent parameter into the process.
In selecting and using a design tool at this stage, the following attributes are sought:
•  Rapid assimilation of results.
•  Ability to make Comparative Assessments of alternative proposals.
•  Whole building assessment, capturing all key energy uses of lighting, heating/cooling and ventilation.
•  Specific to prevailing climatic conditions.
A review of the market reveals few such tools, possibly indicative of the level of demand for such tools, and 
their current level of integration and utilisation within the design process. Examination of the market found the 
tools highlighted in section 2.2. Consideration was given as to the applicability of these tools to the problem 
highlighted, and whether or not there is a demand for a new methodology to be developed by this research.
2.1.2 Scheme Design Phase
Goal of Design Phase: To select the design which best suits the client brief, and to investigate a number of 
options to optimise this design.
Goal of Energy Procedure: To examine a predetermined set of energy efficiency procedures on the selected 
design, in order to maximise potential energy performance of the service systems.
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The role of the energy procedure In this stage is to take the selected design from the earlier phases and 
optimise the provision of services from an energy perspective, maximising the opportunities offered by the 
building design. See figure 3.2.
Occupant BehaviourServices DesignBuilding Design
Occupancy and Vacation 
Patterns, Employee 
Awareness and Training.
Choice of HVAC, Natural 
Ventilation, Heating 
Systems, Artificial 
Lighting.
Building form. 
Orientation, Location, 
Characteristics of 
Building Fabric (u-value), 
Atria Dimensions.
Figure 2.3: Services design is the main focus of the scheme design from an energy perspective.
The results are demanded in a greater order of accuracy here, absolute consumption figures are required 
despite the fact that they may still rest on a large set of assumptions. This is mainly due to the fact that in 
order to recommend or reject energy efficiency scenarios, the cost of the energy used must be factored into 
the Life Cycle Cost methodology (see section 5), and the avoided environmental burdens calculated.
2.1.3 Detail Design Stage
Goal of Design Phase: To obtain final decisions on all aspects of the design, and to ensure that the design 
will function as intended.
Goal of Energy Procedure: To validate all the energy related decisions made earlier in the design process, ; 
and to confirm that the energy performance is acceptable despite non-energy related design modifications.
Essentially at this stage most decisions which affect energy performance have been made, and this work will 
essentially have little if any input into this phase of development, other than using existing procedures to 
ensure that the design performs as intended, and that all of the selected energy efficiency scenarios work 
well together.
2.2 Energy Calculation Tools.
The discussion which follows is an examination of some of the key energy simulation programs and 
methodologies on the market. These will then be matched with the needs of the design stages as described 
above in the following section.
2.2.1 The LT (Lighting Thermal) Method
Devised by Nick Baker of Cambridge Architectural research, this method is the result of an EU competition
entitled "Working in the City". The basic philosophy of the methodology Is to encourage designs with minimal 
need for mechanical and electrical services to maintain a desirable internal environment. This philosophy fits 
in well with the need to optimise the "Building Design" aspect of whole energy performance. (Baker, 1998)
The LT method was developed with the distinct remit of aiding the decision process during early stages of 
design, and as such is a simplified version of a more advanced software based application, relying on a 
greater degree of default data, it is interesting to note that this more advanced application has never been 
officially released.
The LT method simulates the demand for lighting and temperature control equipment through a number of 
user definable and default parameters.
The default parameters such as room height, glazing types. Internal reflectance, luminance data, U-values of 
building fabric, and heating set-points are standardised so that the building design itself is optimised, and not 
those factors which can later be added to any building. The default parameters reflect good, although not 
best practice and hence give a realistic interpretation of predicted energy consumption.
The basic user-definable parameters needed to perform an analysis are as follows:
0 Building Orientation
0 Building Type (Occupancy Patterns, Heating Demands)
0 Building Parameters Facade dimensions.
0 Area of Passive Zones (Within 6m of a window) on each facade.
0 Area of Non-Passive Zones 
0 Facade Glazing Ratio 
0 Boiler Efficiency Factor
The basic steps in performing an LT assessment are firstly to define and measure the passive (defined as 
being within 6m of window or glazed facade depending on ceiling height) and non passive zones in the 
building from sketch floor plans. Then the proposed glazing ratio for each elevation is defined. The 
appropriate LT curve is selected based on the use of the building. These curves give the energy consumption 
per m  ^for each elevation depending upon the glazing ratio. Non passive areas are read off the curves as a 
0% glazing ratio. These specific energy consumption patterns are then multiplied by the area of the building 
with which they correspond (Passive North, South, East and West, and Non Passive areas). Further 
calculations are required to model the effects of an atrium, and the overshadowing of adjacent buildings.
Data is presented in total KWh and KWh/m^ which is the generally accepted standard for building energy 
performance. This can also easily be converted into the environmental impact categories discussed in the 24 
month dissertation. The method predicts the potential energy performance of the building, that is what can be 
expected provided that both the services and occupants operate in an optimal manner.
The LT method has been used to good effect on a number of demonstration projects, these projects cover
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the broad spectrum of PPP (Public Private Partnership) buildings, these being for office, health and education 
use. Further details of these case studies can be found in appendix A.
2.2.2 Envest
The BRE Envest software is due to be launched summer 2000. Envest examines the energy related 
environmental impact of buildings, and the impact of the materials which constitute them. The input
parameters for the operational energy components are as follows;
•  Basic form and orientation (Plan shape/size)
•  Building fabric (including glazing options),
•  Services specifications
0 Heating
0 Lighting
0 Cooling
(BRE, 2000)
The above represents extensive coverage of the key parameters sought in this research. All these factors are 
integrated into a single method, which does not fulfil the goal of this stage of the energy assessment 
procedure which is simply to examine the envelope of the building. At this early design process the 
specification of the services has not been defined, so working with default data will easily allow the desired 
parameters to be isolated, hence the inclusion of services data is not required here.
The most serious drawback of this tool is that the data is presented in “BRE Ecopoints”. These were 
developed by the BRE for use in this software and are basically a means of bringing together a large variety 
of environmental impacts occurring throughout the life of a building into a single number. This is achieved 
through a weighting system, which demonstrates the relative importance of different environmental issues, 
and was generated through consensus based research across a number of interest groups in the UK. 
Although this would allow a comparative assessment to be made during the outline design stage, the units 
are too ambiguous within the groups that they are likely to be used, and are not compatible with the absolute 
measures required at later stages. When the product is released, the possibility of using the more valuable 
(to this research) un-weighted data will be considered. Carillion have been involved in the development of 
this tool over the past 12 months, the information which was provided by the company with which to “test” the 
tool provided some very obscure results, particularly those concerning insulation, (for more information 
consult the dissertation supplement).
The ENVEST software is due for general release in May 2000, it has been applied to a number of small 
elements of demonstration projects, with mixed results as discussed above, but has not yet been publicly 
applied to a whole building.
2.2.3 National Energy Services Office Design Tool
The Office Design Tool (ODT) is a preliminary design or benchmarking tool, the main function being the 
evaluation of several different approaches to ventilation during the early stages of the design process. It
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operates in a different manner than LT and Envest, in that the user is prompted to adopt a number of 
strategies rather than the user having to develop and re-evaluate energy efficient approaches. It contains an 
extensive database of cutting edge energy efficient buildings in the UK, describing the relative successes of 
applying energy efficient ventilation strategies.
The methodology begins with a decision tree in which the user requires only very basic information about the 
building to decide which is the most appropriate ventilation strategy to pursue (Natural Ventilation, Mechanical 
Ventilation Comfort Cooling, Full Air Conditioning). This decision tree is a valuable tool on its own, and may 
be used outside this software as a basis for a more general decision tree covering the all the 
heating/cooling/lighting scenarios in this research.
Its main limitation is that it cannot cope with the variables needed to model different building types, its main 
focus is office buildings. Strategies such as night cooling for example whilst proven to be effective are not 
suitable for buildings which are occupied 24 hours, and hence where round-the-clock occupant comfort 
needs to be maintained.
Also, used in isolation the procedure will only allow for optimisation of the ventilation regime, lighting is not 
considered, and would therefore need to be used in conjunction with another tool to perform a total 
heating/cooling/lighting analysis.
2-2.4 Energy 10
Energy 10 is a software package which encourages the examination of both traditional energy saving 
technologies such as energy saving lighting and insulation with the more advanced techniques of passive 
solar design such as dayiighting, shading and natural ventilation. Developed by the US Sustainable Buildings 
Industry Council (SBIC, formerly Passive Solar Industries Council), the tool enables the user to analyse the 
impact of these strategies early in the design process.
Energy 10 has built in parameters to cope with different building uses, but also users can specify occupancy 
patterns, heating setpoints and internal gains (people and equipment) which are the main variables between 
the building types this research will be examining (non-residentiai). Obviously with the package being US 
produced it is also important that the weather data can be made appropriate for the local UK climate, a basic 
UK climate (Kew) is incorporated into the software, but also weather files can be adjusted to reflect local 
conditions. It can be used to support both the very earliest outline design phase, and also the scheme design 
phase.
The earliest stages of the project are to form a reference building, a basic “shoebox” design which will reflect 
the basic needs and demands of users of the building, from this basic design, the software will generate two 
buildings, one which reflects standard practice, and one in which a series of energy efficient strategies 
selected by the user are applied. This is intended to give the design team a feel for the most important energy 
related issues in their building, and focus thought and attention accordingly. This provides an ideal 
benchmark, or target for the later stages of the design process. Later stages are to amend this “shoebox” 
design to reflect the development and evolution of the building through the design process, this will allow for
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complex building geometry to be analysed.
A very powerful feature of the software is that it can rank a selection of energy related strategies according to 
their effect on overall building energy performance. The software has series of built in energy efficiency 
scenarios, which generally conform to those which are to be examined in this research. Further examination 
will be required to see how it will cope with the non-standard scenarios (i.e. those scenarios identified as 
worth examining, but not modelled within this software) which are also to be examined.
2.3 Validation of Energy Tools
Validation of these tools will be conducted by analysing the energy performance of known designs or 
buildings, and comparing the figures with those generated from either real data, or higher level energy tools 
already used in the final stages of design. In many respects the purpose of energy tools during the outline 
design stage is not to produce accurate data, but rather accurate comparisons. The level of information 
known about the design at this stage is minimal, so absolute results should be treated with caution.
When dealing with the more advanced stages in the design process, absolute accuracy becomes more of an 
issue, as building and services factors become known. Energy 10 has been validated using the “BESTEST  
procedures for evaluating simulation programs. This essentially involves running a large number of programs 
to calculate a large set of standard cases, for different building types and locations. Methodologies which fall 
within the range of results of the other programs are considered to be acceptable.
2.4 Overview and Analysis
Considering the general lack of awareness of energy efficiency at the early design stages it is surprising to 
see that a number of tools actually do exist to perform such analyses. Many however are recent 
developments, and with a large number of applications developed In other countries it can often be difficult to 
translate them into the UK situation, unless as was the case with Energy 10 that the methodology has 
provision for changing the climatic parameters. Confidence in such tools is important, and despite the fact 
that at this stage they can, at best provide only approximate results, foundation on a logical set of 
assumptions is an important underlying principle if these results are to be used, and taken seriously during 
the design process.
The Envest methodology is has significant benefits in that it is a user friendly Windows application, based 
upon a simplified CIBSE (Chartered institute of Building Services Engineers) methodology. The main 
problems with the software for this research are that its purpose is to examine the environmental impacts of 
both material and building systems, and use the ecopoints weightings to combine these impacts into a single 
score. It may be possible to amend the software, but this is not clear from the demonstration versions 
currently on the Market
The LT method and Energy 10 methodologies fit in well with the remit of this research, they will enable the 
examination of energy performance as two logical distinct modules (i.e. Building Design, and Services
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Design), and hence not overwhelming the design process with superfluous information. The LT method will 
be used at the early sketch design phase in order to examine each of proposed approaches to building 
design in terms of potential energy performance.
At the later scheme design stage the proposals will be enhanced by the application of a set of energy 
efficiency scenarios to the selected design. The Energy 10 software will be used here to examine the energy 
related impacts of these scenarios, and hence supply this information to be converted into environmental 
impact indicators, and the energy cost component in the Life Cycle Cost analyses (see section 5).
The ODT tool although useful in a more specialist context will not be used explicitly in this research, it is 
unable to deal with the breadth of building types considered under the PFI regime, and focuses on one area 
of building energy performance (ventilation). However, some of the decision protocols used in this software 
will undoubtedly be helpful when constructing a decision tree to guide the procedure-user into selecting 
appropriate strategies for analysis.
3. Energy Efficiency Scenarios
The evaluation of energy efficiency scenarios already falls under the of the Carillion Option Appraisal system, 
in which a rapid response to new design ideas and alternative proposals can be made. However the 
generation of these "good ideas" is very much dependent upon the enlightenment of the project team. The 
development of a number of default scenarios, reduces the subjectivity of the process, whilst not constraining 
the creativity of the design team proposing new or alternative approaches. These default scenarios are 
highlighted below, further research will concentrate on how these measures can be applied as to be 
appropriate to the building in question. This may be constructed by means of a decision tree, if building 
displays characteristic X, apply scenario Y, and so on. Although some of the parameters for this are already 
known, these decision protocols will be one of the outputs of the trial of these procedures (see later).
This default set of scenarios has been developed within this research through detailed examination of 
BRECSU (Building Research Establishment Energy Conservation Unit) case studies. NIST (National Institute 
for Standards and Technology), SBIC (Sustainable Buildings Industry Council) passive solar design 
strategies, and examination of the application of energy efficient technologies to the EU THERMIE, and 
TAPED (Theory and Practice of Energy Design) projects.
These Scenario’s are as follows;
Lighting Specific 
Scenario’s
Heating Specific 
Scenario’s
Cooling Specific 
Options
Power Sources
Dayiighting 
Shading 
Energy Efficient Lighting
insulation 
(Wall/Floor/Roof) 
External Insulation 
Air Leakage Suppression 
Maximise Thermal Mass 
Passive Solar Heating 
Glazing Options 
(Double/T riple/Coated/ 
Filled)
Natural Ventilation 
High Efficiency HVAC 
Stack Effect Cooling 
Evaporative Cooling 
Earth Ducts 
Borehole Cooling 
Night Cooling
Photovoltaics 
Fuel Cells 
Wind Power 
Renewable Sources
Figure 3.1: The key energy efficiency strategies in building design.
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Many of these scenarios are interdependent, making it more difficult to consider them in isolation, this factor 
should be reflected in the definition of the application protocols as discussed earlier.
4. Life Cycle Costing Methodology
A broad approach to life cycle costing was discussed in the 24 Month Dissertation. The aim here is to further 
discuss the application of this tool, the exact data requirements, and the degree to which these research 
demands have been fulfilled. The approach will be to take a discounted cash flow (DCF) methodology which 
will represent total life cycle costs of the system, and the period over which the “low energy” scenario pays for 
itself (i.e. payback period). The discount rate (the rate at which future expenditure is reduced to represent the 
time-value of money), is essentially a user definable parameter reflecting the “risk aversion” of the client in 
question. This is an extremely subjective area, and in the absence of any firm advice to both researchers or 
end-users of life cycle cost information, it has been decided to adopt a default value of 6% as used by HM 
Treasury. Part of the sensitivity analysis will however be to examine the effect of this variable on the overall 
cost model.
Life Cycle Costing is used as part of the overall procedure, to act as financial justification for adopting a 
particular energy saving measure. The life cycle costing stages are the key to a measure being accepted or 
rejected, hence the importance of including all factors relevant to the system in the methodology. One of the 
most important aspects, and all too frequently overlooked by is that of "avoided capital" which occurs when a 
selected scenario reduces the need for mechanical and electrical equipment hence reducing capital costs.
The situation outlined above demonstrates the need for "holistic unit" thinking as pioneered by.the  
environmental tool known as Life Cycle Assessment (LCA). This approach compares not competing 
products, but only the systems in which these products sit, which provide the same level of a particular 
service. For example the addition of insulation material to the fabric of a building will demand the re-sizing of 
plant equipment, and is likely (if the savings are significant) to result in reduced capital costs (through 
reduced plant requirements) as well as reduced running costs (through reduced energy costs and reduced 
plant maintenance).
This identifies the need for a scoping exercise before commencing the evaluation of an energy efficiency 
scenario. The exact scope will depend upon the building in question, but it is important to have a default 
scope for each of the defined scenarios, and amend these slightly for each application rather than work from 
first principles each time, increasing the potential for error. A scoped example can be seen below;
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Provision of 
Dayiighting in 
Building 
Design
Cost of Additional 
Building Features 
Required (Roof-lighting, 
Optimal Glazing Ratios)
Maintenance 
of required 
Luminance 
Levels
Reduced
Lighting___ Costs
(Electricity)
Reduced
Cost of
Electrical
Services
Figure 4.1: The Scope of a typical energy efficiency strategy.
Data availability has been the Achilles’ heel of the life-cycle costing approach to cost management for many 
years, this was discussed in the 24 month dissertation. Essentially the problems fall into two categories, firstly 
that building cost information is (rightly or wrongly) considered to be commercially confidential, and is hence 
frequently not released into the public domain, and secondly that records which are kept are frequently not 
recorded in the detail required to separate components and systems.
This has for some time hindered the use of the life cycle cost approach as a definitive decision support tool. 
The approach here will focus on total transparency on the assumptions and methodologies used.
The life cycle cost methodology will operate during the scheme design phase when a package of energy 
efficiency scenarios will be applied to the active design. It is not feasible to consider each energy efficiency 
scenario in isolation, because many of them are interdependent, hence only complementary packages of 
strategies will be costed.
The key variables over the pre-determined “life” of the project will be;
1. The capital cost of the item or system
2. The item or system life
3. Capital replacement cost and frequency
4. Annual maintenance costs of item or system
5. Non annual maintenance costs and frequency
6. Annual units of energy consumption attributed to system (from Energy 10)
7. Type of energy consumed (elec/gas etc), and the cost of this energy per unit over the study period.
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Items 1-5 are part of the package of data that will be required from external sources, either through well 
respected industry sources such as HARM (Housing Association Property Mutual), PSA or BCIS (Building 
Cost Information Service), or from the manufacturers. This will depend on the nature of the item in question. 
Item 6 will be generated by the energy assessment procedure using Energy 10. Item 7 will be obtained from 
the DTI Figures for future energy consumption predictions and costs (DTI, 1995), this document is expected 
to be updated imminently. The approach to future energy costs will be 3 different scenarios, “average”, “best 
case” and “worst case”, as derived from the above document, this demonstrate the sensitivity of the system 
to future energy price fluctuations.
These items will be incorporated into a spreadsheet. The will place costs 1-7 in an annual cash flow over the 
study life of the project (determined by contract) which will be discounted, and summed before being shown 
in graphical form against the reference case which will not incorporate the energy efficiency strategies. The 
payback period and total life cycle discounted expenditure can then be determined. This financial data will be 
used along with the figures for avoided environmental burden, translated from Energy 10 to make a decision 
about the energy efficiency strategy in question. The exact methodology behind the final decision is still open 
to question, and will certainly vary from project to project. It is suggested however that based on a maximum 
payback period, options are either automatically adopted (fall within this period), rejected (fall well outside this 
period), or undergo more research (where the payback period is close to the limit, and there is a possibility of 
making an “ecological investment”).
5. Whole Procedure Map
See the following page for a whole procedure map which demonstrates how each of the areas defined in the 
previous sections come together to aid the decision making in the design process. The diagram also 
demonstrates how these procedures will deliver environmental benefit through a structured consideration of 
energy efficiency and cost performance through stages in the design process which were previously lacking 
such information.
6. Procedure Testing
The whole procedure is now sufficiently developed to allow testing on a project, both as a means to 
demonstrate the potential of this new approach, and by means of improving and further refining its constituent 
components. The project is the £98m PFI Princess Margaret Hospital Relocation (PMHR) in Swindon. Work 
has recently begun on site with this project, and the design phase is basically over. Essentially the remaining 
preparatory work is to co-ordinate the design with the trade packages which will form its construction.
With the design so far advanced there is obviously little scope for this procedure to influence the final design, 
if at all. The aim is to apply the two critical segments of this procedure, being the outline design selection, and 
the scheme design optimisation to the project retrospectively. The outcome will be an analysis of how the 
design would have benefited from the application of this procedure.
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The procedure will need to be fully developed before application on a live project can commence, since the 
decisions, particularly during the outline design stage are made over very tight time horizons, leaving little 
scope for error or indecision within the tools and the procedure itself.
The nature of the construction business is such that it is frequently not possible to predict the likely suitability 
or availability of a live project with which to trial these procedures. Bearing this in mind, it is proposed that the 
trial of the procedures at PMHR should occur over a condensed period of 10 weeks, maximising the time 
period when both the author and procedure are available to work on a live project.
The initial raw data for the PMHR can be found in Appendix B. The approach on this project was firstly to get 
a fee! for the relative performance of the hospital design compared to similar facilities in the UK. In order to 
do this the latest energy consumption forecasts from Carillion’s design consultancy TPS (generated through 
Symap C.A.D based software) were analysed and compared with the Energy Efficiency Best Practice: Energy 
Consumption Guide 72 (BRECSU, 1999) relating to energy performance of hospitals.
The Governments “good practice” standard for hospitals was generated through energy surveys conducted at 
300 UK hospitals in various sectors (acute, non-acute, residential etc.), and represents the upper quartile 
within this survey (ie: 25% of hospitals perform better and 75% worse). The average or typical values 
represent the mean of all hospitals surveyed. (See table on following page)
Energy Consumption 
(GJ/100m^)
Typical Best Practice PMHR Summary
Fossil Fuel 63.3 52.4
Electricity 13.4 9.2 17.1
Table 6.1: Government Best Practice figures for energy consumption in acute hospitals (BRECSU, 1999)
Overall PMHR achieves a mixed score, firstly its performance is above that of “good practice”, if not 
significantly so. Gas consumption for heating purposes is approximately 35% less than that of the 
government’s best practice figures, which is largely due to the much higher standards of insulation (PMHR far 
exceeds Building Regulations for roof insulation), and more efficient modern plant equipment, and hospital 
layout. However electricity consumption far exceeds both typical and best practice figures. This figure is likely 
to be due to either the electrical lighting or mechanical ventilation aids in the building, but is still very 
surprising. Overall it is this area of consumption which gives rise to concern, and which overshadows other 
positive aspects of the building’s performance. Considering the additional CO2 penalty of electricity Wth its 
mixed mode of generation, and the associated transmission losses, PMHR actually performs below the 
Government’s “good practice” figures in terms of these emissions.
The LT method has been applied to both the cument PMHR project and its previous incarnation known as 
“Concept J”. The project was redesigned in 1998 following significant problems experienced with the
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interactions between hospital departments, and the general inefficient use of space and resources. The initial 
design had some interesting features in that a definite distinction was made between those areas which 
required mechanical and electrical service intervention for clinical reasons and those where natural ventilation 
and lighting were possible or desirable. Those areas needing service intervention were deep plan and placed 
at the base of the structure, whilst the open shallow plan cruciform ward areas maximised the passive area 
making dayiighting and natural ventilation possible. The new design makes less distinction of these areas, 
but the use of space is much improved, as is the connectivity between departments, courtyards intersecting 
the full depth of the building now give the opportunity for passive zones deep within the plan of the building
With this in mind it is interesting to note the relative performances of the two designs as assessed by the LT 
method in appendix B. Concept J, with an overall energy consumption of 31500 MWh/yr is appreciably higher 
than that of the current design which is 29600 MWh/yr, but concept J is slightly more efficient as a function of 
floor area. The simplified analysis and comparison which could have been made early in the design 
development process, and was already highlighting potential problems with the electrical performance of 
PMH. It can be noted that the ventilation and cooling requirements of the current design are high in 
comparison with concept J,
Further work will need to be done on this comparison, since the glazing ratios for concept J are (in this 
analysis) assumed to be the same as the current design.
7. Project Plan Update
At the 24 month stage, the key remaining aspects of this research were considered to be the following:
A) Development of procedures and trial of methodologies on PMHR Swindon project.
B) Formalisation and write up of Service Life Efficiency procedures.
C) Trial of Procedures on a Live Project.
D) Dissemination of findings appropriate to the wider audience.
The progress over this period has concentrated on items A and B. The remaining task in this area is to apply 
the recently developed procedure to the PMHR Swindon project. The procedure has been much developed 
over the past 6 months, such that the application of the methodologies employed can now be applied over a 
much condensed timescale. It is intended to complete the application of these procedures to PMHR Swindon 
by 1** June 2000. Overall objectives for the following 6 months are as follows.
•  Apply the procedures to PMH Swindon to establish the performance of the procedure as developed.
•  To review procedure, and address areas of weakness where necessary.
•  To develop a decision protocol for the application of energy efficient strategies to buildings with different 
characteristics.
•  To identify a live project application, and begin application at outline design stage.
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8. Papers Update
The first paper has been completed, and will shortly be submitted to Building Research and Information for 
review. This paper forms part of a proposed series of three Journal papers which chart the progress of the 
whole-life energy optimisation tool. It deals with the many background issues which have taken this project in 
the direction described, and also includes the scope of the proposed new procedure. The next paper will 
outline the preliminary results from the trial application at PMHR Swindon, this will also coincide with the 
production of a conference paper for the Sustainable Building 2000 Conference (22-25 Oct 2000) due on the 
1^ of June 2000.
The final paper will be a wrap up and conclusion, concentrating on the results and outcome of the application 
of the procedure on a live project. This paper is scheduled for February-April 2001. This will complete the 
proposed publications arising from the research work, as work after this time will be to tie up any loose ends 
and write up the portfolio in preparation for the final viva.
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10. Appendix A: Case Studies in LT Method Application 
Case Study 1: lonica Headquarters Cambridge
Basic Details: lonica Building, set in St John’s innovation Park, Cambridge, designed by RH partnership and 
completed in 1994. Advanced passive solar design making strong use of passive ventilation towers. 
Concieved, designed and Constructed over a very short 18 month period, the special considerations for this 
4000m^ building were to maximise the use of the external environmental forces, in a narrow plan building. 
The main working areas are open plan offices, with board rooms, restaurant, crèche and other ancillary 
features. The design team consisted not only of structural and services engineers, but also M&E, acoustics, 
lighting and thermal analysis specialists, hence the environmental aspects of the building being strongly 
supported.
Use of LT  Method: The method provided rapid feedback in the early stages of the project’s design, this was 
especially important considering the "fast track" nature of the development. The LT method was particularly 
influential in determining the most appropriate glazing ratios for the important extensive north and south 
facing facade. This feature was deemed critical to the project’s success since the facade would essentially 
determine the approach to dayiighting and natural ventilation. The LT analysis suggested a figure of 
100KWh/m2/yr, approximately half that of a similar sized air conditioned building.
Outcome: The final outcome was that the building’s north facade has simple hole-in-the-wall windows which 
take up approximately 30% of the facade. According to the LT Method, and substantiated later in the 
analysis, this was the optimum value for the office type use for which the building was Intended, limiting 
heating losses, while achieving the optimal daylight conditions. The south facade is far more substantially 
glazed, enabling light to enter the deeper (12 metres) office space. Overheating risks were posed here, 
meaning an appropriate use of external shading louvres and overhangs, and moveable internal blinds. Final 
energy consumption was believed to be 103 KWh/m2/yr, very similar to the initial LT analysis. The final low- 
energy achievement has been only part of the story however, the building also appears to perform very 
favourably in terms of its qualitative characteristics. The majority of occupants surveyed after 18 months of 
occupation highlighted that the building’s low energy features, and in particular, dayiighting and natural 
ventilation contributed substantially to both their productivity and well-being.
Source: Hawkes, D. et al (1994) Building Study: lonica Headquarters Architects Journal Dec p30-38 
Case Study 2: St Mary’s Hospital, Isle of Wight
Overview: St Mary’s Hospital near Newport on the Isle of Wight was a prototype low-energy hospital for the 
DHSS. The design benefited from a very detailed supporting analytical process throughout the design 
development. The DHSS funded a study into low energy hospital design, leasing to the decision in 1981, to 
build two such Hospitals, one in the South, and one in the North of England. St Mary’s was the first of these 
hospitals constructed in 1990. The building is an extensive extension of an existing facility providing 200 extra 
beds, administrative areas, and catering facilities. The initial study suggested that the "Nucleus System" as
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put forward by the initial DHSS studies in the mid 1970s, offered a good starting point for the energy efficient 
hospital design. This system locates most healthcare areas in large cruciform units known as templates with 
bedspaces in 6-bed bays and single rooms. This system has been adopted as a standard for new hospital 
construction in the UK and many parts of the world.
Use of LT Method: The use of the LT method was limited on this project, as the design phase also coincided 
with the development of the LT tool itself. However the general methodology was found to be highly beneficial 
in determining the value of roof-lights in the wards of the top floors. The outcome of this investigation was the 
discovery that omitting roof-lights would result in a 15% increase in primary energy use.
Outcome: St Mary's Hospital uses 54% less energy than a more traditionally constructed hospital of its type. 
The energy savings suggested by the extensive modelling, have since been confirmed by monitoring of the 
building, suggesting that operation is occurring in the manner initially intended.
Source: Baker, N (1990) A machine forheaiing  Architecture Today, June, p47-55
Case Study 3: Netley Abbey Infants School, Hampshire.
Overviev/: The Netley Abbey Infants School in Hampshire demonstrates a number of passive-solar design 
strategies, the most notable of which is the conservatory corridor connecting classroom space on the south 
east side of the building. One of the key successes in this building is that energy consumption was 
dramatically reduced at no extra capital cost over a more conventional design, initial user reactions to the 
building on this occasion were not entirely favourable, with over 50% of the staff suggesting that they would 
prefer a more conventional space in which to work. This is believed to mainly have been caused by teething 
troubles during the commissioning process, when space heating in some areas was deemed to be 
inadequate. This led to some misuse of the building by its occupants who were unable to control the 
temperatures adequately. It was generally considered that staff did not fully understand the unconventional 
environmental control systems offered by the building.
Use of LT Method: Although not used in the actual design of the building, the LT method has been applied in 
retrospect to the project In order to highlight the value of such calculations. After simplifying the building 
parameters slightly, such as the orientation (south-east facing was considered to be south) and averaging the 
sloping ceiling into a single height (slope of 4.1m - 1.5m was averaged to a flat ceiling of 2.3m), the overall 
energy consumption was estimated to be 52 MWh/yr of heating (gas), and 59 MWh/yr for lighting and 
ventilation (elec). The actual figures, measured during the second heating season were slightly higher than 
predicted at 68 MWh/yr and 64MWh/yr respectively. Considering the inexperience of staff at using the 
building and its systems, this suggests that the LT method gave an accurate impression of the energy 
performance at Netley Abbey School. Furthermore extrapolation of the LT Model suggested some building 
design changes that were worth exploring, to further reduce energy use. These are summarised as follows:
Reorientation and redistribution of glazing, minimising north facing glazing for reduced heat losses. Roof- 
lights could have provided natural lighting for the deeper plan areas of the school, also reducing the need for
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high level glazing on the north facade.
The buffering effect of sunspaces, atrium and conservatory. Offsetting the heating load of adjacent areas 
could have been achieved through a more compact conservatory, tightening the links between classrooms. 
This should not have compromised building performance.
There are a number of key lessons to be learned in this case study. Firstly that reduced energy consumption 
does not necessarily mean increased capital cost, and secondly and perhaps most importantly that the 
reputation of energy efficient buildings may be at stake if users are not introduced to the passive and 
innovative features of a building before they are occupied.
Source: ETSU (1991) Netley Abbey School in Passive and Hybrid Solar Commercial Buildings: Basic 
Case Studies. Report for lEA task XI ETSU:Watford
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11. Appendix B: The Energy Perfonnance of PMHR Swindon.
The preliminary results in determining the energy performance of the proposed design of PMHR Swindon are 
enclosed on the next pages. The results start with a detailed analysis of the energy performance of the 
building using data provided by the design consultancy TPS just prior to construction work starting, compared 
to Government Good Practice figures.
Following this a comparison is made, using the LT Method between the current design (labelled PMH 
Swindon), and a previous incarnation of the design (Labelled Concept J). Discussion of these results can be 
found in section 6 of this report.
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1. Introduction
The progress over the last 12 months in the EngD research has essentially been in the application and 
development of the tools and approaches outlined at the 24-month stage to live construction projects for 
further development and assessment. In the first instance a well-developed project was selected and 
examined in retrospect, this being the Princess Margaret Hospital in Swindon. The approach on this project 
was discussed in the last report at the 30-month stage. One of the key areas outlined in the 30-month report 
was the need to apply the developing procedure to a construction project with a live design stage. The 
project selected for this purpose is the University of Hertfordshire campus redevelopment. The Carillion 
consortium is still one of three potential bidders for the project, and the procedure was applied prior to any 
architectural design input. The purpose of this report is to update progress in applying the procedure to the 
University of Hertfordshire project, to discuss the results available to date, and to detail and timetable the 
further work required over final year to conclude the research.
2. University of Hertfordshire: Procedure Application
Following the retrospective application and testing of the tools and approaches on the Princess Margaret 
Hospital project in Swindon, the next stage was the application of the procedure to a project with a live 
design stage.
The selection of the project is clearly of key importance to the development of the energy assessment 
procedure, and although it must be applicable to a wide range of projects it is important that key project 
features or attributes are evident during this formative period. The University of Hertfordshire project was 
selected due to three key factors, firstly the project being in the pre-design stages prior to involvement, the 
mix of simple (residential) and complex (sports facility) buildings, and the design programme which was in 
line with the EngD work. The submission of the outline designs for example was to be in autumn 2000, and 
scheme design during late 2000, which allows a period of review, and the opportunity to examine any 
outstanding issues on another project if necessary before the end of the research period. The design period 
of the project is more condensed than is typical of a project of this nature.
The project concerns the development of 1600 en-suite student residences, and an 8500m^ sports centre 
with a swimming pool. This development is to take place on the site of the former Hatfield aerodrome and 
forms part of a new University Campus. Only this part of the project is to be procured under PFI, the 
academic buildings are being procured under a more traditional contract.
When application of the procedure began the project had just entered “ITN (Invitation to Negotiate) 
response” stage. It is at this stage where the consortia receive detailed requirements from the client about 
the expected levels of services required of the buildings, and Carillion’s response to the ITN is due in early 
October. This output specification document supplied by the client highlighted a number of areas of
expectation with regard to energy efficiency. These are outlined below and are extracted directly from the 
output specification document;
Building Envelope and Thermal Requirements
• The external wall construction shall have an average U-value of not less than in accordance with the 
Building Regulations (this includes all glazed and solid areas). The PSP (Private Sector Partner) should 
consider the economics of increased thermal performance to reduce running costs.
• The entire building envelope shall be thermally broken, i.e. no cold bridging details will be acceptable
Design of External Works
• The design of the external work shall give consideration to energy efficiency in building design 
Energy Targets
• The University expects that the PSP should give consideration to the trade off between the capital cost 
of the buildings and future running cost in determining the most efficient solution in terms of thermal 
performance and maintenance. The building regulations are expected as a guide to minimum 
performance.
• The PSP shall provide a realistic assessment of the energy performance of their buildings, taking into 
consideration the capital cost and cost in-use. As part of the tender submission, the PSP shall provide an 
energy target along with summer and winter consumption profiles for gas and electricity for their 
proposed scheme.
BREEAM Targets
• A BREEAM target of “excellent” is to be achieved, and supporting evidence should be provided. 
Ventilation
• Maximum use shall be made of natural ventilation, subject to local heat gains and spatial temperatures
• Where design requirements cannot be met reliably by natural ventilation systems, mechanical ventilation 
should be employed e.g: Kitchen areas, Swimming Pool and other sports facilities.
• Only where natural ventilation, mechanical ventilation or mixed mode ventilation cannot meet the design 
requirements should air conditioning be considered.
Building Design (Sports)
• The University is keen to pursue innovative, environmentally passive solutions with a material choice 
determined by cost in use and sustainability factors
It is clear from these comments, that the University is very much open to the application of passive, energy 
efficient approaches to building design. However the procedure still has to overcome the internal barriers 
(i.e. from within the industry) to delivering optimal energy performance, and the depth of commitment from 
the client has yet to be tested. It is interesting to note that where the client requests certain actions related to 
energy efficiency, such as the provision of energy targets, or considering the economics of increasing levels 
of insulation, no additional qualifying information is given as to what metrics or practices are to be used, or
what the client seeks to achieve from these measures. The request for BREEAM ratings to be adhered to, 
despite the fact that no such methodology exists for either student residences or sports facilities somewhat 
tarnishes the credibility of these requirements.
There exists a number of internal barriers to achieving good energy performance, and these arise not only 
from the prejudices and preconceptions of the project team, but also the desire for each party within the 
consortium to limit their own costs. This is restrictive since the most important cost in PFI projects is the 
"unitary charge” which is paid each year by the client for the service provided by the buildings and their 
upkeep. This unitary charge is a combination of capital, operating and other expenditure such that the 
consortium can recoup the costs of the project and its operation profitably over the period of the contract. 
This unitary charge can therefore be achieved through a number of capital and operating cost options, and 
simply cutting up-front costs in one area does not necessarily have a similar impact on the unitary charge as 
a whole. This is particularly critical when considering energy efficiency options which will increase capital 
costs for a given operative cost saving.
At the University of Hertfordshire the procedure has initially been applied to the residential units since these 
areas were more rapidly developed. The sports centre is a very complex building to model, and its smaller 
overall glazing areas mean that it is less climate or location responsive than the residential buildings.
The LT method was considered to be the most favourable tool for assessing energy related design 
considerations during the early design stages. However this cannot be used in this particular project since 
the buildings are either residential or highly specialist facilities such as the sports centre which are not 
catered for in the LT method's many assumed parameters. In this instance Energy-10 was used throughout 
the design development process, and was particularly appropriate in the condensed design period due the 
rapid nature with which data can be inputted, and the results obtained. For further information on the 
selection of energy tools see Chapter 2.
Student Residences
The student residences make up the bulk of the development in the PFI scheme. The requirement is for 
1600 student rooms with en-suite facilities. There will need to be a designated area of the site for future 
expansion with a further 400 residences being built at some point in the near future. Considering the fact that 
these additional (Phase-2) units are to be added within 4 years of Phase-1, the completed site was 
considered for energy calculation purposes (when considering shading and overshadowing of buildings).
The residences are to be divided into “flats” of 10 students, with each flat having a shared kitchen. The 
standards of fit-out required for the rooms are high, approximately to hotel standards (since the rooms are to 
be let to tourists/conference delegates during non-term time). The rooms are to be between 12-14 m^ . The 
planning restrictions have placed a maximum 4-storey height on the whole development.
From these parameters it is possible to establish a basic building scheme through which the building design 
parameters can be examined. These parameters include the way the building is oriented, and the
characteristics of glazing and other external fabric. This initial assessment occurs with input from the 
architects, but before the architectural design commences. For further details on this see page 15.
The basic building model assumes that 40 students are to be housed per student block, 10 students on each 
floor, 14 m  ^ rooms and approximately 40% total area allocated to circulation for staircases, storage areas, 
corridors and kitchens. This space is termed “circulation”. Considering the small size of the site for the 
numbers of students, it is assumed that all buildings will need to be 3 or 4 stories to meet the requirements of 
the University, and its plans to expand with a further 400 units at a later date.
14m^ rooms x 10 students = 140m^
40% Circulation Space = 56m^
Approximately 200m^ floorplan per 10 students.
The ITN requirements dictate that all students must have a “view” from their windows. The basic plan shape 
will begin in an elongated form, as this will allow examination of the effects of orientation that a more cuboid 
building would not allow. The proposed preliminary plan is below.
N
▲
11.5m
17.3m
Figure 1.1: The play layout of the benchmark design for University of Hertfordshire
The purpose of this part of the assessment procedure is to examine the effect of the basic building design 
parameters on the energy performance of this simple design. These factors are as follows:
• Orientation
•  U-Values
•  Glazing Type
• Glazing Distribution/Ratio
These benchmark figures will be used to influence and assess the more advanced designs at a later stage.
A reference and low energy case was formulated to demonstrate average and good performance for this 
type of building. The reference case conforms to current building regulations with regard to glazed areas, u- 
values and other current thermal performance standards. The low energy case reorients the glazing and 
substantially improves the thermal performance of the envelope, but to standards that are practically
achievable, and by no means excessive. The average u-values of a building envelope in Scandinavia for 
example would be nearer 0.2 w/m^K.
1 Reference Benchmark Low Energy Benchmark
Building Design Parameters 1
North-South Axis Dimensions (m) 11.5 11.5
East-West Axis Dimensions (m) 17.3 17.3
Building Stories 4 4
U-value Floor (w/m'^K) 0.45 0.1
U-value Wall 0.45 0.3
U-value Roof 0.3 0.15"
Windows (U-value) Double Glazed Alu Double Glazed Alu Low E
U-value windows 4.43 1.76
Average U-Value of envelope 0.977 0.463
Windows No (N/E/S/W) 20/20/40/20 17/7/56/5
Total Glazing Ratio (%) 20 21
Energy/Environmental Performance
Total KWh/m'^ 243 87
Total Emissions (Kg) CO?/SO?/Nox 46093/127/83 23410/98/56
Univ of Herts/AutoBuild Shoebox / Univ of Herts (2)/AutoBuild Shoebox
300'
200 -
ANNUAL ENERGY USE
Reference Case Low-Energy Case
243
177
0 0
Heating Cooling Other
Figure 1.2: The Reference and low energy preliminary designs for the residential units on the University of Hertfordshire project.
These benchmark performance indicators give some idea as to the levels of performance that could be 
expected from the buildings. The low energy case was then taken as a benchmark, and a number of tests 
were performed upon it to understand the effect of the fundamental building design criteria. These tests are 
refenred to below as variant scenarios, and the results of these scenarios can be found in Figure 1.5 on page
9.
Variant 1: Orientation Change (Rotation by 90/180/270 degrees)
This will model the effect of the elongated building profile in all the above orientations
Variant 2: Glazing Ratio Change
The glazing ratios in the low energy benchmark were not realistic for the use of the building, they assumed 
that the glazing ratio could be restricted on the north facade. A more realistic assumption would be the 
requirement for one window (approximately 1.4m^) per student room. North facing corner rooms (1 and 5 in 
the diagram below) to have their window facing west or east respectively. Two windows per kitchen and two 
per floor circulation space on east façade. The rooms are approximately arranged as follows:
N
A1 2 3 4 5
K
7 8 106
Figure 1.3: Approximate Layouts for the benchmark design
This arrangement gives a revised window count of (N/E/S/W) 12/12/20/20. The windows are approximately 
1.4m2 each. Increasing the glazed area of the envelope reduces the thermal performance, however 
minimum glazed areas are prescribed by the Building Regulations. The only exception to this rule may be on 
the south facing façade where passive solar gains are significant.
Variant 3: Glazing Type Change:
The low energy benchmark uses low emissivity (low-e) double-glazing. The effect of selecting the following 
glazing options will be considered:
•  Single Glazed
•  Standard Double Glazed (not Low e)
•  Quad Glazed (Low e)
Variant 4: U-value Changes: Wall, Floor and Roof
The low energy benchmark generally exceeds the revised part L of the building regulations due to come into 
force in two years time. These are to be introduced in two phases.
The variant scenario considers the energy performance when the phase 1 of the new Part L is applied.
The Building Regulations in terms of u-values are as follows
Current
Walls . 0.45
Window^Extemal Doors ' 3.-3
F^yised L (Phase 1)
Ô.35
0.3 .
2.2
Revised L (Phase 2)
0.25 
0:25 "
2.0
Figure 1.4: The U-values to conform to proposed new building regulations
Results of Above Variant Scenarios
The results of the above scenarios are demonstrated in the graph below, these represent total consumption 
for the 40-student block.
The reference case consumes 197 MWh/yr, and is not included on the graph below since it destroys the 
relationship between the other factors. It is important to note that each megawatt-hour of energy equates to 
the emission of approximately 400kg of CO2, and the graphs below relate to only a small fraction of the site 
as a whole: 40 students in a 2000 student complex.
Univ of Herts (2) / AutoBuild Shoebox
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Glazing Ratio
Single Glazing 
Std Dbl Glazed
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New Pt L (Phase 
1 U-values)
109.4
25 50 75 100
Annual Energy Use, MWh
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Figure 1.5: Energy conservation options during outline design stages.
The results above demonstrate that the orientation is not one of the most critical issues on this site, although 
the original zero low energy benchmark at zero degrees rotation demonstrates the lowest energy 
consumption. Much more significant are the thermal characteristics of the external walls and windows. Single 
glazed windows would not meet current building regulations, but the results reflect the significant impact of 
window selection on the overall building performance. Quad glazed low-e windows cost an additional £300 
per m  ^ over double glazed windows (which themselves cost approximately £300 per m^), and the above 
graph demonstrates that the savings are not particularly significant given this level of cost, a typical case of 
diminishing returns. Low-e double-glazed (option of argon fill) windows would appear to offer the most 
favourable performance/cost balance and have become the benchmark for this project.
Levels of insulation are a highly cost effective means of managing energy consumption, and there are a 
number of options available before increased levels of insulation have any impact on the structural elements 
of the building. Additional costs to achieve the new part L (phase 2) for example amount to approximately £3
per m .^ The energy savings achieved in ternis of space heating are dramatic, and this factor is the most 
critical in determining energy performance in the residential development. The new part L of the building 
regulations is considered to be a reference standard, however further consideration will be given to 
increasing this level at a later stage.
The results of the above study were transmitted to the design team as a series of recommendations. These 
were to:
•  Elongate buildings across east-west axis where possible
•  Minimise glazed area to north facades as lighting requirements for rooms are minimal
•  Use double glazed low-e window units with thermally broken frames
•  Consider argon fill for window cavities
•  Use proposed 2004 phase 2 building regulations as a reference standard for insulation to walls floor and 
roof.
The proposed layout of the site following these recommendations can be found on page 16 of the report. 
Due to the size of the site and the action of other constraints and factors it has been necessary to make 
some compromises in the east-west elongation of buildings. However there are significantly more buildings 
oriented in this manner than in the clients’ masterplan (this can be seen on page 19). All other initial 
recommendations have been fully implemented in the designs to date.
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Proposed Designs
The Individual blocks in the proposed site layout are designed from a minimal number of plan shapes that 
will allow greater repetition of site activities and processes. The fundamental shape is an L block housing 10 
students in each of its wings. An assessment was made as to the performance of this against the reference 
benchmark. The results of this analysis are shown below.
Univ of Herts 3 / AutoBuild Shoebox
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Figure 1.6: Comparison of benchmarks with actual proposed designs
The L Block could be rotated 180® on the site. The performance of this option is highlighted below.
Univ of Herts 3 / AutoBuild Shoebox
UoHL
UoHL
116.8
Annual Energy Use, MWh
Figure 1.7: Total Energy Consumption for Herts L block and same block rotated 180®.
The results above suggest that the L blocks improve upon the performance of the low-energy benchmark, 
and it is demonstrated that orientation of these blocks is of low significance. Given the relative margin of 
error on models of this nature a +10% increase (over the benchmark standard) would be considered an 
acceptable energy performance.
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indicative Cost Assessment
The final part of the analysis (at this stage of the process) was to estimate costs of implementing the 
recommendations proposed. At such an early stage in the design these costs are only preliminary estimates. 
Obtaining this information is important however since these energy efficiency strategies would otherwise be 
assessed (in value engineering exercises) using assumed rather than actual costs. There is a tendency 
within the industry to assume the costs of energy efficiency features at much higher than their actual cost. 
The table below outlines the additional costs of the features proposed.
Upgrade Item I
1
Standard Item Additional Cost Per m*^  of
Low E Glazing I Std Double Glazed I £10 1 Glazed Area
1
Argon Filled Cavities I Air Filled Cavities !1
£6 I Glazed Area
I 2004 Insulation | Current BIdg Regs £3 Ext Wall/Floor/Roof
Figure 1.8: Additional “Shopping Basket* of key items to deliver improved energy perfomnance.
These items were inserted into the costing spreadsheet described in the 30-month report. This was not 
originally intended to be used at this early stage, however it can be used on a more basic level to ascertain 
the payback periods of these items. At this stage only a few items are costed, only those which relate to the 
physical building design, other factors assessed at this stage such as the orientation of buildings on site 
should incur no additional cost.
The graph below gives an example of the output of the spreadsheet. The additional capital cost of the 
increased envelope insulation pays back very quickly regardless of the discount rate selected. The graph 
below is based on a current price only scenario for future energy prices and a discount rate of 6%.
50000
Financial implications Achieving 2004 Part L insulation to
Walls/Floor/Roof
40000 f
30000 4
20000
2 10000 i
4 5 6 7 8  9  10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32
-10000
Years
Figure 1.9: The discounted payback period for increasing insulation standards to meet 2004 Part L Building Regulations {For an 
individual L Block residence housing 80 students)
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Both other factors concerning the window specifications also demonstrated short payback periods. 
Approximately 4 years for the low-e coating, and approximately 6 years for the argon filled cavities. The 
combination of these three features has dramatically enhanced the energy performance of these proposed 
buildings. There is clearly still a significant scope for further enhancement, but the foundations and factors 
which have needed to be influenced at this stage, have been. There is now no need to battle against the will 
of the design team to make difficult and expensive changes to the fundamental building design at later 
stages in the process. These fundamental features have now been adopted in the design, and considering 
the convincing set of supporting results they are likely to remain, even through the cost engineering 
exercises which are common in PFI to bring the price down to within the clients affordability level.
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Sports Facilities
The remaining area of the University of Hertfordshire is devoted to an 8500m^ sports centre that is a far more 
complex building than the residences. The building consists of four distinct zones:
•  An entrance atrium with a two level refectory, café and climbing wall area, also incorporating a small 
office area.
•  A 50m national level swimming pool with movable booms and floor
•  A Fitness Centre
•  A Cricket hall, main sports hall and Squash Courts
Each of these zones have their own distinct thermal characteristics. The activity areas in general are
characterised by large influxes of fresh air, up to 10 complete air changes per hour, hence heating loads can
be expected to be high.
The design stage of the sports centre is somewhat behind that of the residences; hence the key pre-lTN 
development in energy performance has been to develop the benchmark performance figures. In order to do 
this energy 10 was used, and the proposed building was divided into 2 separate areas each with 2 thermal 
zones. Very little work has been done on optimisation of the performance of this area. The initial benchmarks 
suggest a slight improvement on BREGSU good practice figures, but not as significant as the improvements 
in the residential units. Post-ITN work will establish the key energy use areas and examine a number of 
options for controlling energy consumption. These scenarios will examine the need for mechanical cooling in 
those areas where currently specified, in particular the refectory and fitness areas, and also scenarios to 
optimise the delivery and recovery of heat from those areas where heating is a key concern, particularly in 
the sports halls and changing areas. The graph below demonstrates the current benchmarks for the sports 
centre against BREGSU (Building Research Establishment Energy Conservation Unit) figures for existing 
facilities.
Energy Consumption Predictions: University of Herts 
Sports Centre
k  600
■s 550
Typical Good Practice UoH Target
Figure 1.10: University of Hertfordshire Benchmarks of Energy Performance
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^Dissemination of Brief Design Specifications- Flow Chart Demonstrating the Application of the Procedure during ITN Stage (Outline Design)
Interpretation of 
Design Criteria
Design Team 
Interaction
Procedure Active
s
! Obtain BREGSU Define PreliminaryTargets --------- Design
The flowchart left demonstrates the generic approach to procedure application on any future project in the ITN 
response/outline design stage. This has been developed out of the experience in applying the procedure to the University of 
Hertfordshire project. The flowchart represents a more detailed view of a segment of the whole procedure process map, 
discussed in the 30-month report and reproduced below. The highlighted box on the process map below represents the part 
of the whole procedure captured by the flowchart.
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The flowchart on the previous page will be adopted as the generic approach following the review, which will 
take place when the University of Herts project is complete. The interaction with the design team is seen as 
the most important area since the procedure must both obtain the design information from the members and 
feed back information in a timely and efficient manner in order to exert an influence on the design output. 
Although the outline design period on the University of Hertfordshire project for example is approximately 2 
months, the decisions which make up the design are decided on much tighter time horizons of a few weeks, 
or in some instances days.
The generic approach to the procedure during the scheme design stage will be finalised when the University 
of Hertfordshire project reaches this stage. The application process is expected to be complete by the end 
of December 2000. The flowchart will be enlarged and updated when this is complete and will be detailed in 
the next six-month progress report on April 1st.
Current Design Proposals
The overview of the proposed site layouts and drawings of the current residential blocks can be found on the 
following pages. The site layout drawings demonstrate that the elongation of buildings on the site wherever 
possible is along the east-west axis as discussed in this report, this means that the majority of the façade 
faces north/south. The detail of the student residence blocks demonstrates the glazing distribution split 
between north and south facades, the un heated stairwells face north to allow a greater percentage of rooms 
a southerly aspect. The clients’ masterplan proposals are also included on page 19.
At the moment only very basic energy efficiency strategies have been implemented, these are highly 
significant in terms of the energy performance of the development as a whole. It is highly unlikely that any of 
these features would have been implemented without the approach put forward in this procedure and the 
supporting financial and environmental information it has created.
16
PCC PAVING UMTS 
FEATURE PAVING 
REINFORCED GRASS 
NETWORK FOOTPATHS 
TREE GRILLE
fSÉLîWB mgTGkr"^
CUT CRASS 
FURNITURE 
CYCLE STORACE/BW STORES 
PCC RETAJMNO WALLS 
GATE
GRAVEL FOOTPATH
m
m .t
i l l i ! i . ' i i i l ] | l j i l | i . > i i i i i i i i
^JUU'OUOUUC.'f.
University of 
Hertfordshire
c9 UNIVERSITY OF HERTFORDSHIRE 
CAMPUS REDEVELOPMENT P.F.I
&  ^GO LANDSCAPE MATERIAL LOCATIONS 
PHASE 1
178(wlAgOi*MLM«londcnEC1ROaA London #
Tt)ifihoni;a»T2ST«1M CtnM O
FMlmh: 0207 eoe 3409 GWogow O
E-ffltlt»ilondonCdW.pipiwon Wrrinsten O
on^iOng Hu b»» RwponoM» P LYON
O A ty iM i •C D Kto Signttunr
“ “ mwuhihw •S»“ WA0) 
1:800
Pr In IM i.
1BS094
L2L(90  10
T
Do Not Scale
n
MATERIAL SCMEOULE
ALUkWMM TIAmOmC &CAM ROO»
FUTGtAJA» PANEL
IKSinATEORCNOCft
MCON5TITVTEO 8T0«E M l
SPANDREL panel • MSULAHD PtNOCA
WAN00W5 DOUSlf GlAZE&lHEItUALLV 
WOKEN ALUMNAJM FRAMES
m m T m T n T rmn
a m :
□  '□si
□ T p i p T a□  1 0  1
a i i x  x i i x
NORTH ELEVATION
L ° L ° 1 ° L ° D j D
. □  lO j O  !_□ ■ □  I □  ' □  I □  : D 1 E3j □
X B X  X D X  X K X X X B X  X B K
SOUTH ELEVATION
S o i a s s s i i i / ,
i ■': "'77/y
S r i  LAYOUT IN I S )
2^. X »®|_.
X B X  X B K  X B K
EAST ELEVATION
i_P j J P iP  I D jJ 3
WEST ELEVATION
±
^ ^ c a r i l l i o n
U ® University of H ertfordshire
UNIVERSITY OF HERTFORDSHIRE 
CAMPUS REDEVELOPMENT P.F.I
DrMüigTiOt
STUDENT ACCOMMODATION 
BLOCKA
ELEVATIONS : N. E. S. W
I I I
17 Bc««ÜngGrmlsn( London EC1R0QA London #
T«te(ihon«.02tlT 2516161 Cin»» O
FkwM. 0207 608 M» Gtajgw O
E4MI nlondon^ Mlpipuconi vyaronçton O
Ongoitnj M rag ti R»«p»n»*lt 
OA Syitam * ChtcM
P L Y O N
DrnngNa | r-afc Eiw miow, | $**
A2E(40) A01
S o »  (at A}) VOO
B
a o
m
«A CD 3CÛ
n -  S- 
w) fj €  2 w K < i l i
m: F m
' 0 ay ^
3. Energy Performance Assessment Tools
The application to the University of Hertfordshire bid has demonstrated that a reliance on a one or two 
energy assessment tools will not allow application to a wide range of sectors. The tools vary in the breadth of 
their potential application and in their input and output characteristics, as discussed in the 30-month report. 
Most importantly it has become apparent that a limited number of tools as proposed in the last report (LT 
method for outline design and Energy-10 for scheme) does not offer the flexibility to deal with a large variety 
of potential buildings as experienced in PFI contracts. The residential buildings for required example in the 
University of Hertfordshire bid were unable to be assessed using the LT method because of its inability to 
deal with residential buildings. Energy-10 was used throughout this application process. Refer to the 30- 
month report for a commentary on these tools.
Considering these problems it is proposed to construct a tool selection matrix to direct the user toward the 
most appropriate energy decision tools for any project application. This will of course be developed to reflect 
new tools and revisions and any experiences encountered in applying them. The draft matrix is shown 
below.
Not Suitable 
Workable 
? Information not known
V" 7/  Good level o f Performance
v' Ideal for this application
(A
1
■§
£
:k
fe
£ ?
1
c
LU
8 -
co
H
Q
0 g
Features
Project Suitability
Office y y yy yy y y y y y y y
Health y y y y y - y
Education (School) y y y yy - y y
Further Education (Residence) - y y y y y - y y
Further Education (Academic) y y y y y y - y  y
Sports Facilities - y - y - y
Prison y y y y y y - y
Military (Residence) - y y y y y - y y
Military (Operational) y y y y y y - y y
Outline Design
Simple Parameter Inputs y y y y y yy - y y
Rapid Output y y y yy - y y
Control U-values - y y y y y y y y y
Orientation Adjustment y y y y y y yy y y
Control Glazing Type/Ratio y y y - y y y y
Daylighting/Lighting Simulation / y y y y y y y y
Cooling Requirements y y y y y y y y y y y
KWh/m^ or Similar Output y y y - y y y yy
Scheme Design
Ability to Assess impact of energy 
efficiency Scenarios (General)
- y y y y y y y y yy
Natural Ventilation - y y y y y
Solar Shading y yyy - yy yy yy
Passive Solar Heating - yy - yy yy yy
Thermal Mass Optimisation - yy - yy yy yy
Air Leakage Reduction yyy - yy y y
Graphical Output - yy yy y y y y y y
Accredited by professional body - ? yy ? - ?
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4. Refinement of Aims and Objectives
Since the last report the application of the developing procedure on a project basis has changed to reflect 
the availability of a live design stage on the University of Hertfordshire. The developmental application on the 
Princess Margaret Hospital has been completed. The purpose of the following text is to examine the aims 
and objectives of the EngD project, and how the two projects will enable these to be met. Any outstanding 
issues will be captured in the next section of the report in the 12-month plan.
Overview of two Projects
These projects represent typical PFI schemes (education, health, defence, correctional) at different stages of 
development. The £140 million scheme to relocate the Princess Margaret Hospital in Swindon has recently 
begun its 3-year construction phase. In 2002, the Hospital will accept is first patients, as the Carillion 
consortium enters into a 27-year service agreement. The University of Herts programme is it a very early 
stage. No design work had commenced at the time of initial involvement. The client has recently released 
documentation outlining their requirements, which in the most basic form are around 1600 en-suite student 
residences, and a multi-use swimming pool and sports complex. The project will follow the usual PFI 
procedures where the number of bidders are reduced to a single “preferred provider”. The fundamental 
functional differences in these two projects is less important that their stages of development.
Overview of EngD Work
The aims are to:
•  Develop a procedure to be used by design teams and clients to allow and encourage the examination.of 
the energy performance of proposed options throughout the design process, but particularly during the 
critical early stages.
• Use the long term nature of PFI contracts to demonstrate the environmental and economic advantages of 
such an approach to the wider marketplace.
Objectives:
•  To identify the key features and attributes of buildings which determine their energy performance.
• To identify the stages in the design process where these factors are determined.
• To evaluate the levels of information available for modelling at each stage, and the accuracy of energy, 
cost and environmental information required to support decision making at outline, scheme and detailed 
design stages.
• To test and implement tools that will predict the holistic energy performance of designs at the stages 
identified above bearing in mind the level of information available at these stages.
• To design a decision tool to act as a guide toward selecting a the most appropriate energy efficiency 
strategies and technology for the specific design.
• To develop a methodology in which the holistic life-cycle costs of a low energy and reference solution can 
be costed and brought to a single figure.
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• To develop a method of “design decision” data capture, to demonstrate the decisions made in the design 
process, which affect the energy performance. This will also aid in assessing where the design as 
selected sits (in terms of its energy performance) against the optimal and reference options. This will be 
for the benefit of future projects.
• To test and further develop the procedure and its applicability to actual PFI projects.
Princess Margaret Hospital Relocation
The aims of involvement with this project are:
•  To use the advanced state of the project to develop and test energy models and LCC methodologies 
against the large volume of data and knowledge which has accumulated.
• To generate a preliminary data-set to demonstrate that the procedure can deliver both energy and cost 
savings.
Objectives:
•  To compare and analyse the performance of a number of energy models in generating appropriate data.
• To develop a Life Cycle Cost methodology to capture the additional and avoided capital and operating 
costs of low energy design options.
University of Herts
The aims of involvement in this project are:
• To map the energy procedure, and its place within the design process in more detail, outlining the 
information flows, parties involved, and the decision nodes.
• To tailor the procedure to the time-scales involved in live projects, and to evaluate the performance of the 
tools selected in meeting these requirements.
• To generate real data on how the final design has benefited from the procedure using information from 
the design decision log.
• To transform the procedure from a concept into a real workable tool.
Objectives:
• To apply the procedure as developed in selecting the most effective outline design option, and 
demonstrate the relative energy performance of each option. To review and reconsider the 
appropriateness of the tools selected.
• To select a package of energy efficiency scenarios that are appropriate to the above design, and 
demonstrate the energy and economic implications of selecting each of them. To draw general lessons 
wherever possible to refine the process of selecting energy efficiency strategies.
• To write up and formalise the procedure, enabling it to be used by third parties.
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Commentary
Engagement with the two projects outlined above is intended to cover the majority of the aims and objectives 
of the EngD research. The projects have been selected on the basis of their stages of development. The 
Swindon project is essentially complete in design terms and their is little if any scope to influence the design, 
however there is a mass of accumulated data in the project, and a certain degree of freedom to test 
alternative solutions etc. This project has been used to test the energy modelling tools, and in the 
development of an appropriate life cycle costing strategy to compare alternative energy efficiency strategies. 
Further work will be done here to develop and test a decision methodology for selecting energy efficiency 
strategies.
The University of Herts bid is a live project currently in the bid stage. Involvement with a project at this stage 
of development is important since it is important that the tools and approaches selected are compatible with 
the “real” contexts in which they must be used. The design periods for example may appear to be long when 
viewing a bid programme, but the real decisions this approach is aiming to influence will really occur in much 
smaller condensed clusters. Experience will guide the refinement of the procedure in terms of data 
availability, time required (and available) to provide feedback, and so on.
Clearly the larger number of projects the procedure is applied to, the more streamlined and able it will 
become, so the limited number of projects may appear to be a constraint. However the key outputs of this 
project will be to demonstrate the potential of such an approach, and a basic set of tools to allow the 
procedure to function satisfactorily, clearly future development will be required in order that the procedure 
reaches its optimal potential. The two projects were selected partially due to their differing function 
(recognising that the procedure must be valid across sectors), but also due to other constraints such as the 
availability and timing of suitable projects, which is obviously beyond the control of this project.
There is a risk with a project in bid stage, that the consortium will not reach the more advanced stages of the 
process. However, the Carillion consortium are now one in three, it is likely that the BAFO (Best and Final 
Offer) stage will be reached, which is the point before which Preferred Provider status is determined. 
Therefore it is likely that the design will be sufficiently developed to test the full potential of the procedure.
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5.12 Month Plan
)
The progress over the last 12 months since the last project planning process has been to take the collection 
of ideas and convert them into an active design decision tool. The fundamental objectives set at the 24- 
month stage were:
• Development of procedures and trial of methodologies on PMH Swindon project.
• Formalisation and write up of Service Life Efficiency procedures.
• Trial of Procedures on a Live Project.
• Dissemination of findings appropriate to a wider audience.
The use of projects has shifted slightly since this last review process, and some of the developmental work 
initially scheduled for the Princess Margaret Hospital has shifted onto the live project application. The only 
area considered to be behind the projected schedule from the 24-month stage is in the production of 
research papers. This is due to the wish to wait for results to be available to back up the theoretical claims. 
These results are now becoming available, as discussed in this progress report. The first paper is currently 
being written and is to be submitted for review by the end of October 2000, for further details see the 
following chapter.
Approximately four of the remaining six months of research work will be programmed to writing up the thesis. 
This leaves approximately six months of empirical work, and two months to tie up loose ends before the 
portfolio is compiled. The writing of the portfolio will be the sole objective from the 01/06/01 onwards, 
although it is predicted that this will begin up to two months earlier to coincide with the review and final items 
of follow-up work.
The outstanding items left in this research are:
• Taking the University of Hertfordshire project into scheme design and developing a means of selecting
energy efficiency scenarios. To demonstrate the results of this application, and to summarise the effect
of the procedure on the design output. (Research Paper to be produced following this).
• To review the above application and highlight any outstanding actions.
• To finalise the environment/cost spreadsheet model (see chapter 6 on page 24).
• To formalise the procedure and produce clear generic process models for future application.
• To initiate a third party user application (within Carillion, but without significant input of the author) of the
procedure on a live design project. To review and adjust the process model where appropriate.
• To consider a third party application on a non-PFI/Prime contracting project, or to consider carefully how
the model would have to be adjusted to make it appropriate in the future.
• To produce at least two research papers.
The review process, which will follow the completion of the University of Herts bid, is very important since it is 
here where any outstanding issues will be brought forward. It is important that the procedure is applicable 
across a wide variety of sectors, and as such this review process will ensure that a representative cross
24
section of the PFI market has been analysed. Any outstanding items may be dealt with through a third and 
final project application.
The output of this research will be to take the generic lessons from the initial applications of this new 
procedure to form a procedures manual. This manual will include the rationale behind the approach, the 
methodologies and tools employed, and the process structure highlighting the roles of the respective parties, 
the decision forums, and information flows etc. This will form an addition to the current Design Management 
Procedure, which talks of integrating environmental information into the design process to arrive at the 
“optimum solution” without suggesting how this might be done. This additional design procedure will bring 
the most significant environmental impacts to bear on the design process.
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6. Research Papers Plan
Two papers are planned in the following six months. Any further papers will be discussed in the next 
progress report on the 1 April 2001.
Paper 1: Will concentrate on the procedure development process with some background information, 
commenting on the outline design stage on the University of Herts project. The paper will briefly outline the 
background to the research: the importance of building energy performance from an environmental 
perspective, and concentrate on the need for a new design tool/procedure to bring the environmental/cost 
issues to the fore. Some of the outline data from University of Herts will be used It is aimed to write this 
paper and get Supervisor’s and Carillion approval before 31®' Oct 2000. This will be submitted to Building 
Research and Information Journal on the 31-10-00.
Paper 2: Will use the University of Hertfordshire project as a case-study application highlighting the potential 
benefits of the procedure and the level of environmental improvement which can be sought from a decision 
support tool of this nature. This paper will comment on the selection of specific energy efficiency strategies, 
and their economic and environmental performance implications. The paper will draw generic lessons from 
the case study, and comment on the applicability of these techniques to other sectors and also other 
procurement routes. The results of a proposed third party application process on a non-PFI project have 
potential as a third paper. It is aimed to write this paper and get the Supervisors and Carillion approval 
before 28“’ Feb 2001. This will be submitted to Buildings and Environment Journal.
Considering the need for a wider dissemination of this work to all parties in the project delivery chain there 
also exists a need for a more news-oriented article in either “Building” or “Architects Journal” publications. It 
would be ideal to launch this off the back of the University of Hertfordshire project should Carillion reach this 
stage in the bidding process. This situation will be reviewed at the next supervisors meeting when it is 
planned to have a draft copy of paper 1 above available for comment.
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7. Additional Progress
The whole life costing spreadsheet described in the 30-month report has been updated and refined in the 
light of recent developments. The revisions include the following:
• Menu Selection of Energy Efficiency Scenarios with default component listings. This means that when an 
energy efficiency scenario is selected from the menu a default list of building components will be inserted 
into the spreadsheet for costing purposes.
Reducing all the input parameters onto one page.
2 alternative methods to select discount rates: Net of inflation disc rate or user defined.
Discount Rate Sensitivity Analysis (user defined sensitivity variance). Graph now also demonstrates the 
Provision to input various energy price increase scenarios
Graphical representation of CO2 emissions and conversion into simple terms such as car mileage per 
building occupant.
• Database of BRECSU energy targets for all building types, so that the proposals can be referenced 
against them at any point in the calculation process.
The approach to the discounting principle in this research has been to guide the user into understanding how 
the rate selected for analysis (be it a net of inflation discount rate or a user defined discount rate) is affecting 
the outcome of the analysis. At the moment in the current version of the model the user must obtain results 
for a number of different discount rates separately, it would be more satisfactory and powerful if the results 
from a number of different discount rates could be laid over each other automatically. This is an area to be 
addressed prior to the next six-month report.
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8. Project Plan Gantt Chart
Please see the following pages for the Gantt Chart. The periods of work are split into four broad areas:
• Completion of University of Herts application
• Identification of significant gaps in development or performance of procedure and tools
• Tie-up of these loose ends working on an additional PFI project if necessary and also a third party 
application (subject to approval)
• Write up of portfolio (to start 1®* June 2000 latest)
The projected hand in date and completion of all project related work is 1®* October 2001.
28
EngD Final 12 Month Gantt Chart
ID Task Name Duration
 ______ I October     [November  j December ________________
18/09 I 25/09 I 02/10 j 09/10 j 16/10 j 23/10 j 30/10 I 06/11 I 13/11 j 20/11 j 27/11 j 04/12 j 11/12 I 18/12 I 25/1^
January__________________________  j February   I March_________________
01/01 I 08/01 I 15/01 I 22/01 I 29/01 I 05/02 | 12/02 j 19/02 j 26/02 j 05/03 I 12/03 j 19/03 '
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
Complete 36 Month Report 5 days
Finalise items for UoH ITN 10 days
m Plan Paper A 2 days
Eg Write Paper A draft 3 days
0 UoH Submission Deadline 0 days
Eg Supervisors Meeting 1 day
m Review Uoh Application 5 days
a SB2000 Conference 4 days
Eg Talking to the Media Course 5 days
Scheme Design UoH 25 days
Submit Paper A 0 days
m Selection of Additional Scenarios 5 days
Modelling/Costing of Scenarios 38 days
Eg Holiday 11 days
m Formalisation of Scheme Design Approach 9 days
m Christmas Break 10 days
Consider Third Party Application 1 day
g Compile and Write Paper B 7 days
Re-revlew additional research requirement 3.5 days
g Supervisors Meeting (approve paper B) 1 day
Submit Paper B Odays
m Final PFI Project application 108 days
m Third Party Application (Non-PFI) 95 days
m Holiday 7 days
Finalise Generic Procedure 5 days
Prepare 42 Month Report 5 days
Confirm Research Objectives have been met 1 day
m Supervisors Meeting 1 day
g Start Compilation of Portfolio 26 days
m Submit Portfolio Plan and draft sections for review 8 days
m Complete Research Work Odays
m Write Up Portfolio 86 days
m EngD Conference 2001 2 days
Submit EngD Portfolio Odays
17/10
31/10
\
^  11/01
I h
Project: 36rpt 
Date: Wed 04/10/00
Task
Split
Progress
Milestone
Summary 
Rolled Up Task
Rolled Up Split , , , ,  
H  Rolled Up Milestone
Rolled Up Progress 
External Tasks
Project Summary
EngD Final 12 Month Gantt Chart
ID O Task Name
1 Complete 36 Month Report
2 Finalise items for UoH ITN
3 Plan Paper A
4 m Write Paper A draft
5 UoH Submission Deadline
6 Supervisors Meeting
7 . m Review Uoh Application
8 m SB2000 Conference
9 m Talking to the Media Course
10 Scheme Design UoH
11 m Submit Paper A
12 m Selection of Additional Scenarios
13 Modelling/Costing of Scenarios
14 m Holiday
15 m Formalisation of Scheme Design Approach
16 m Christmas Break
17 Consider Third Party Application
18 m Compile and Write Paper B
19 Re-review additional research requirement
20 Supervisors Meeting (approve paper B)
21 Submit Paper B
22 m Final PFI Project application
23 m Third Party Application (Non-PFI)
24 Holiday
25 s Finalise Generic Procedure
26 Prepare 42 Month Report
27 Confirm Research Objectives have been met
28 m Supervisors Meeting
29 m Start Compilation of Portfolio
30 Submit Portfolio Plan and draft sections for review
31 B Complete Research Work
32 B Write Up Portfolio
33 B EngD Conference 2001
34 g Submit EngD Portfolio
I April [May | June I July ________________________ _______  _____ _____________ __________ _______________________
26/03 I 02/04 1 09/04 | 16/04 | 23/04 | 30/04 I 07/05 I 14/05 I 21/05 | 28/05 I 04/06 I 11/06 I 18/06 I 25/06 I 02/07 I 09/07 I 16/07 I 23/07 I 30/07 I 06/08 I 13/08 I 20/08 I 27/08 I 03/09 I 10/09 I 17/09 1 24/09
I August I September October
01/10
ilNllilililiiiliiiiNiisiliiiliN
Ü ü f i
i n
%
iawiiim m m m m A  ü m
i01/06
^ 01/10
Project: 36rpt 
Date: Wed 04/10/00
Task
Split
Progress
Milestone
Summary 
Rolled Up Task
Rolled Up Split , , , ,  
Rolled Up Milestone
Rolled Up Progress 
External Tasks
Project Summary
Carillion Sutldmg Special Wojects
Cëhsîrucîion House 
Sirch Street 
Wolverhampton 
WVl*HY
T +44(0) 1902 316298 
P+44 (9)1902 316567
hîtpy/www.canBîonpIcxorn 
email; ahorsley@carimohplc.com
« « a
___ _ _________ ________________________
Î ,.i
carillion
The Building Life Cycle: Environmental 
and Economic Assessment
Integrating Energy Performance Assessment into 
Building Design
42 Month Report
EngD in Environmental Technology 
University of Surrey
Andrew Horsley
March 2001
o n  1
■tVV^ ■ * UtyMliri.—iii
4 2  M o n t h  R e p o r t  
C o n t e n t s
1. 42 Month Intro............................................................................................................................................  3
2. Project Update............................................................................................................................................  4
2.1 University of Hertfordshire.......................................................................................  4
2.2 Bedford and Luton Magistrates Courts....................................................................  10
2.2.1 Bedford Magistrates Courts...................................................................... 10
2.2.2 Luton Magistrates Courts.........................................................................  15
2.3 Wailsgrave Acute Hospital.......................................................................................  16
2.4 Slough Estates.......................................................................................................... 21
3. Energy/Cost Toolkit Update.....................................................................................................................  22
3.1 Energy Assessment Tools.......................................................................................  22
3.2 Environment/Energy/Cost Model............................................................................. 22
3.3 Process Development..............................................................................................  25
4. Portfolio Contents Schedule and thesis contents plan..................................................................... 29
5. Write up phase Plan.................................................................................................................................. 32
Front cover: Artists Impression of the University of Hertfordshire student residences as proposed by the 
Carillion consortium.
1.42 Month Introduction
In the 36-month report the Energy Toolkit* was being applied to the University of Hertfordshire campus 
redevelopment project. Since this time the approaches and tools have been significantly updated, and are 
now at an advanced state of development. The progress over the past 6 months has been focussed on the 
further development and application of the Energy Toolkit in order to:
■ Refine, develop and prove individual component tools
■ Test performance of the Energy Toolkit in alternative project circumstances.
■ Formulate a generic application procedure for the scheme design stage, and amend the previous 
approaches based on new experiences.
■ Develop the framework for a project archive detailing energy design performance in previous projects.
The University of Hertfordshire project was discussed in detail in the 36 month report, and shortly after the 
report was produced, the Carillion consortium were successful in reaching the next stage in the bidding 
process making them one of two remaining bidders. The final document submission is early May, and the 
selection of a preferred provider will be confirmed on the 25*^  May.
The University of Hertfordshire project represents the central application of the Energy Toolkit, however there 
exists the need to examine the tool in a number of different situations to ensure that the tool is valid across a 
range of both PFI and non-PFI situations. The key conditions to be assessed are the following:
1. How applicable is the tool to a refurbishment project utilising an existing structure?
2. How will simplified energy performance assessment tools (such as Energy-10) deal with complex 
buildings?
3. Although through the application in the University of Hertfordshire has demonstrated the ability to 
influence internal decisions in PFI projects, how will the tool, and the results it produces be viewed where 
Carillion have direct contact with the client (e.g.: non-PFI design build projects)?
Four further projects have been selected in order to examine these conditions, this document seeks to 
demonstrate the progress to date in investigating them, and what work is to follow in order to complete the 
investigation.
In section 2 the key lessons and experiences are brought to light on the generic procedures and supporting 
tools, and new versions of both basic procedures and tools are presented.
The remaining sections deal with EngD and commercial project delivery, highlighting timetables and 
deliverables for the final 6 months of research work.
*The procedures being developed through this research will ultimately have a definitive name, this will be a 
corporately led exercise. Until this official name is finalised, and for the purposes of this report, the procedure 
will be known as the Energy Toolkit
2. Project Update
2.1 University of Hertfordshire
The review of this project in the 36-month report detailed progress made up to the submission of the ITN 
(Invitation to Negotiate) documentation. The energy performance of the residential buildings has been 
optimised by examining the basic building design characteristics throughout the pre-design and outline 
design stages. These proposals were fully justified in the 36-month report, and these findings have been 
central to the decision by the project team to accept these features as permanent aspects of the design.
The further work being undertaken on this project in order to develop the latter stages of the Energy Toolkit 
that will seek to apply a series of discrete energy efficiency options to the building. These energy efficiency 
options range from solar water heating, to passive cooling strategies, and these are selected based on a 
number of key building parameters. Further discussion of this approach is documented in section 3.2.
The university residences are relatively simple in terms of both their construction and operation, and 
considering this it is likely that there will only be a limited number of appropriate strategies. The Energy 
Toolkit has aided the delivery of buildings that are currently around 60% more energy efficient than current 
government good practice, and the major energy consumer in such buildings, space heating has already 
been addressed at outline design stage.
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One point to note is that the client cannot currently afford the scheme as proposed. The unitary charge of the 
current scheme to the client is in the order of £7.8 million per annum, and the client can afford only £6.8 
million. This has inevitably led to cost cutting exercises and all available options to save from both capital 
and operating budgets have been investigated. It is estimated that up to £10 million will have to be saved on 
the capital cost of the development (sports centre and residences). Considering the status of the project it is 
not considered possible to add any significant (in capital cost terms) packages of energy efficiency 
proposals, because at the moment the consortium are unable to use the energy savings to offset the
a d d it io n a l c a p ita l c o s ts  in  th e  u n ita ry  c h a rg e . A s  an  a lte rn a tiv e , a ll th e  e n e rg y  e f f ic ie n c y  o p tio n s  d is c u s s e d  
b e lo w  w ill be  p re s e n te d  to  th e  c lie n t a s  o p tio n s  w h ic h  a re  s e p a ra te  to  th e  m a in  b id , a n d  w h ic h  c le a r ly  
d e m o n s tra te  th e  im p lic a tio n s  o f  s e le c tin g  th e m  in e n v iro n m e n ta l, a n d  w h o le  c o s t  te rm s  (i.e . in c lu d in g  e n e rg y  
c o s ts ) .
In o rd e r  to  s e le c t e n e rg y  e ff ic ie n c y  s c e n a r io s , th e  e n e rg y  p ro file  o f  th e  b u ild in g s  is  e x a m in e d , in  o rd e r  to  
u n d e rs ta n d  w h e re  th e  m a jo r  e n e rg y  c o n s u m in g  fa c il it ie s  lie . In th is  c o n te x t  a n  e n e rg y  p ro file  is a  b re a k d o w n  
o f  th e  m a jo r  e n e rg y  u s e rs  w ith in  th e  b u ild in g , an d  w o u ld  ty p ic a lly  c o n s is t o f  th e  fo llo w in g ;
S p a c e  h e a tin g /c o o lin g  
L ig h tin g
D o m e s tic  h o t w a te r  s y s te m  (D H W S )
IT  E q u ip m e n t
S m a ll P o w e r ( Ite m s  p lu g g e d  in to  m a in s  e le c tr ic ity )  
C a te r in g
T h e  e n e rg y /c o s t m o d e l w ill s h o rtly  h a v e  a  m a tr ix  in  w h ic h  e n e rg y  e f f ic ie n c y  s c e n a r io s  a re  f ilte re d  o n  th e  
b a s is  o f  th e  k e y  fe a tu re s  o f  th e  b u ild in g . T h is  w ill a id  in  th e  p ro c e s s  o f  s e le c t in g  th e  m o s t a p p ro p r ia te  
p a c k a g e  o f  e n e rg y  e ff ic ie n c y  sc e n a rio s  fo r  th e  b u ild in g  ty p e  s e le c te d . S e e  s e c t io n  3 .2  fo r  m o re  d e ta ils .
A  m a jo r  e n e rg y  u s e r in  re s id e n tia l b u ild in g s , a s  w ith  th e  U n iv e rs ity  o f  H e r tfo rd s h ire  re s id e n c e s  is  th e  
d o m e s t ic  h o t w a te r  s y s te m . O p tim is in g  in s u la t io n  le v e ls  a n d  b u ild in g  o r ie n ta tio n  h a s  c u rre n t ly  h a d  v e ry  litt le  
e f fe c t  o n  th is  e le m e n t o f  e n e rg y  c o n s u m p tio n , a n d  h e n c e  th e  re la t iv e  s ig n if ic a n c e  o f  h o t w a te r  e n e rg y  u s e  is 
s ig n if ic a n t ly  h ig h e r th a n  a  typ ica l re s id e n tia l p ro file  (s e e  f ig u re  2 .1 .1  b e lo w ). T h is  is  s u m m a ris e d  in  th e  fa c t  
th a t  h o t w a te r  re p re s e n ts  12%  o f  th e  to ta l e n e rg y  u s e  in  th e  re fe re n c e  b u ild in g  (w h ic h  is b a s e d  o n  c u r re n t  
b u ild in g  re g u la tio n s ), a n d  30 %  in th e  c u r re n t  p ro p o s e d  lo w  e n e rg y  d e s ig n .
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Figure 2.1.1: T h e  e n e rg y  p ro file  fo r  th e  U n iv e rs ity  o f  H e rtfo rd s h ire  (a s  p ro p o s e d )  a n d  a  U n iv e rs ity  re s id e n c e  
d e s ig n e d  u s in g  c u rre n t b u ild in g  re g u la tio n s .
C o n s id e r in g  th e  s ig n if ic a n c e  o f  h o t w a te r  e n e rg y  re q u ire m e n ts  in  th e  p ro p o s e d  b u ild in g , a n  o p t io n  to  b e  
a s s e s s e d  w ith  th e  E n e rg y  T o o lk it  w ill b e  th e  o p tio n s  a v a ila b le  to  im p ro v e  th e  p e rfo rm a n c e  o f  th e  h o t w a te r  
s y s te m , in c lu d in g  th e  p ro v is io n  o f  s o la r  w a te r  h e a tin g . In  re s id e n t ia l u n its  th e  o r ie n ta tio n  o f  th e  b u ild in g  in 
o rd e r  to  a c h ie v e  g o o d  b a la n c e  b e tw e e n  p a s s iv e  s o la r  g a in s  a n d  d a y lig h tin g  o p p o rtu n ity  (e a s t-w e s t p r im a ry  
a x is  w ith  m a in  fa ç a d e  a re a  fa c in g  n o r th -s o u th )  a re  th e  s a m e  a s  th o s e  re q u ire d  b y  s o la r  c o lle c to rs  fo r  w a te r  
h e a tin g .
T h e  th re e  o p t io n s  o p e n  to  th e  d e s ig n  te a m  fo r  th e  p ro v is io n  o f  h o t w a te r  a re :
■ E le c tr ic  Im m e rs io n  H e a te r  /  E le c tr ic  S p a c e  H e a tin g
■ G a s  B o ile r  /  G a s  S p a c e  H e a tin g
■ S o la r  W a te r  H e a t w ith  a  b a c k u p  E le c tr ic  Im m e rs io n  H e a te r  /  E le c tr ic  S p a c e  H e a tin g
■ S o la r  W a te r  H e a t w ith  a  b a c k u p  G a s  B o ile r  /  G a s  S p a c e  H e a tin g .
E le c tr ic  h e a tin g  w o u ld  a p p e a r  to  b e  th e  w o rs t  p o s s ib le  e n v iro n m e n ta l o p tio n  g iv e n  th e  h igh  C O 2 e m is s io n s  
re s u lt in g  fro m  h ig h  p ro d u c tio n  a n d  t ra n s m is s io n  lo s s e s . H o w e v e r  it is  b e in g  c o n s id e re d  on  th e  b a s is  o f  th e  
fo llo w in g :
■ W a te r  h e a tin g  a n d  s p a c e  h e a t in g  w o u ld  ty p ic a lly  b o th  b e  th ro u g h  th e  s a m e  fu e l so u rce .
■ T h e  u s e  o f  th e  E n e rg y  T o o lk it  h a s  le d  to  v e ry  s m a ll s p a c e  h e a tin g  lo a d s , m o s t ly  s u p p lie d  th ro u g h  th e  
s u n , o c c u p a n ts  a n d  in -ro o m  e le c tr ic a l e q u ip m e n t. T h is  is  fu r th e r  re d u c e d  b y  th e  f in a n c ia l in c e n tiv e s  
p ro p o s e d  to  e n c o u ra g e  s tu d e n ts  to  b e h a v e  in  a n  e n e rg y  e ff ic ie n t m a n n e r. (E s s e n tia lly  th is  in v o lv e s  
in d iv id u a l m e te r in g  o f  s tu d e n t f la ts  a n d  c h a rg in g  g ro u p s  fo r  a n y  u n its  th e y  c o n s u m e  o v e r  a  c e r ta in  
th re s h o ld . T h e  le v e l o f  th is  th re s h o ld  is  y e t  to  b e  d e te rm in e d , b u t th e  fig u re s  fro m  th e  E n e rg y  T o o lk it  w ill 
b e  u s e fu l in  u n d e rs ta n d in g  th e  p o te n tia l p e r fo rm a n c e  o f  th e  b u ild in g .)
■ If th e  s o la r  w a te r  h e a t o p t io n  is  u t il is e d , th e n  a  b a c k u p  s y s te m  w ill b e  n e e d e d  to  to p  up  th e  re q u ire m e n ts  
in  th e  w in te r  m o n th s . E le c tr ic a l im m e rs io n  h e a te rs  (a s  b a c k u p ) a re  lo w  c a p ita l c o s t  item s, a n d  a re  h e n c e  
lik e ly  to  m a k e  s o la r  w a te r  h e a t in g  s y s te m s  m o re  v ia b le .
T h e  s o la r  c o lle c to rs  a re  h ig h ly  c a p ita l in te n s iv e  ite m s , a n d  w ill re q u ire  a d d itio n a l ro o f s tru c tu re  to  s u p p o r t  
th e m . O n  th e  b a s is  o f  th is  a n a ly s is  it  w ill b e  d e c id e d  w h e th e r  th e  p ro je c t d e s ig n  te a m  w ill e ith e r  fu l ly  
im p le m e n t o r  fu l ly  re je c t th e  s tra te g y , o r  u s e  a  lim ite d  n u m b e r  o f  re s id e n tia l a re a s  in  w h ic h  to  d e m o n s tra te  
a n d  p ro v e  th e  te c h n o lo g y . T h e  c o n d it io n s  u n d e r  w h ic h  a n  o p t io n  w o u ld  b e  s e le c te d  a re  b a s e d  o n  th e  
b a la n c e  b e tw e e n  a d d itio n a l c o s ts  a n d  s u b s e q u e n t s a v in g s . W h e re  th e re  is a  s ig n if ic a n t e n v iro n m e n ta l 
b e n e fit  th is  is  u s e d  a s  a  d if fe re n t ia to r  in th e  b id d in g  p ro c e s s , b u t is  o n ly  lik e ly  to  b e  c o n s id e re d  i f  th e  
e c o n o m ic s  a re  n e u tra l o r  fa v o u ra b le .  I f  th e  d e c is io n  is m a rg in a l, it m a y  p ro v e  to  b e  a p p ro p r ia te  to  in s ta ll th e  
fe a tu re  o n  o n e  re s id e n t ia l b lo c k , a n d  e n s u re  p ro v is io n  is  m a d e  fo r  re tro fit t in g  th e  re m a in in g  u n its  i f  a c tu a l 
p e r fo rm a n c e  m e e ts  o r  e x c e e d s  m o d e lle d  d a ta .
T h e re  a re  m a n y  o p tio n s  fo r  s o la r  w a te r  h e a t in g  a v a ila b le  o n  th e  m a rk e t, a ll w ith  s lig h tly  d if fe re n t  te c h n ic a l 
s p e c if ic a tio n s , a n d  c o s t  im p lic a tio n s . T y p ic a l c r it ic is m s  o f  s o la r  w a te r  s y s te m s  a re  f irs t ly  th a t th e  te m p e ra tu re  
o f  th e  o u tp u t w a te r  is  to o  lo w  to  d e p e n d  o n  th e  s o la r  s y s te m  a lo n e , e x c e p t in  p e r fe c t c o n d itio n s . S e c o n d ly ,
th e  fa c t  th a t  th e  h e a t e x c h a n g e  m e d iu m  re q u ire s  an  e le c tr ic a l c irc u la t io n  p u m p  th a t  re d u c e s  th e  s ig n if ic a n c e  
o f  th e  e ff ic ie n c y  sa v in g s . A  ty p ic a l s y s te m  w o u ld  a ls o  re q u ire  s ig n if ic a n t e x tra  p lu m b in g  w o rk . T h e  m o re  
re c e n t s o la r  c o lle c to rs  d e liv e r  h o t w a te r  d ire c tly  to  th e  ta n k  ( ra th e r  th a n  th ro u g h  h e a t e x c h a n g e rs ) ,  a n d  w a te r  
is p u m p e d  th ro u g h  th e  p a n e ls  b y  a  p h o to v o lta ic  p u m p , m a x im is in g  th e  e f f ic ie n c y  o f  th e  s a v in g s . It is 
e s tim a te d  th e s e  s o la r p a n e ls  cou ld  d e liv e r  b e tw e e n  4 0 -7 0 %  o f  th e  to ta l h o t w a te r  d e m a n d . F u rth e r 
m a n u fa c tu re rs ' da ta  w ill b e  re q u ire d  to  a s c e rta in  th e  s c a le  o f  th e s e  e n e rg y  s a v in g s . T h e  s y s te m s  to  be  
m o d e lle d  a re  d e ta ile d  in f ig u re  2 .1 .2  b e lo w .
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Figure 2.1.2: T h e  c o s t c o m p a ris o n  b e tw e e n  s o la r  a n d  tra d it io n a l fo s s il fu e l w a te r  h e a tin g .
T o  s u m m a ris e , th e  fo llo w in g  e n e rg y  e ff ic ie n c y  s c e n a r io s  a re  to  be  e x a m in e d  d u r in g  th e  s c h e m e /d e ta il d e s ig n  
s ta g e s :
■ T h e  p ro v is io n  o f  S o la r W a te r  H e a tin g
■ O p tio n s  fo r  re s id e n tia l s p a c e  h e a tin g  (G a s  vs . E le c tr ic )
■ Im p lic a tio n s  o f  re d u c in g  w in d o w  s p e c if ic a tio n  in  o rd e r  to  re a c h  c l ie n t  a f fo rd a b ility
T h e  g a s  v s . e le c tr ic  h e a tin g  o p tio n s  fo r  bo th  s p a c e  a n d  w a te r  re p re s e n ts  a  ty p ic a l c o n u n d ru m  fa c in g  th e
d e s ig n  te a m s  s in c e  bo th  a re  a  c o m p le x  m ix  o f  c a p ita l,  o p e ra tin g  (e n e rg y )  a n d  m a in te n a n c e /re p la c e m e n t
c o s ts  a n d  d iffe re n t m a g n itu d e s  o f  e n v iro n m e n ta l im p a c t. E le c tr ic ity  is  b e in g  c o n s id e re d  o n  th e  b a s is  o f  
re d u c e d  in s ta lla t io n  c o s ts , an d  th e  e a s e  o f  in s ta lla tio n , p re c lu d in g  th e  n e e d  fo r  th e  ro u tin g  o f  m a n y  m e tre s  o f  
p ip e -w o rk  a n d  th e  p e n e tra tio n s  th e s e  w ill re q u ire  th ro u g h  th e  p re c a s t  c o n c re te  w a lls .  H o w e v e r  th e  w e t  
s ys te m  u t il is in g  a  g a s  b o ile r  s ig n if ic a n tly  c h e a p e r e n e rg y  w h ic h  in  d e liv e re d  fo rm  is  fa r  m o re  e f f ic ie n t  in  its  
c o n v e rs io n  th a n  e le c tr ic ity  (d e s p ite  th e  fa c t  th a t th e  c o n v e rs io n  o f  e le c tr ic  to  h e a t b e in g  a lm o s t 1 0 0 %  o n  s ite ) , 
h e n c e  C O 2 e m is s io n s  b e in g  s u b s ta n tia lly  lo w e r.
R e s p e c tiv e  e n e rg y  c o n s u m p tio n  da ta  fo r  a  g a s  a n d  e le c tr ic  s y s te m  h a s  b e e n  d e r iv e d  fro m  th e  E n e rg y  
T o o lk it, a n d  th e  v a lu e s  fo r  g a s  b o ile r  e f f ic ie n c y  w e re  o b ta in e d  f ro m  th e  m e c h a n ic a l a n d  e le c tr ic a l (M & E )
s e rv ic e s  c o n s u lta n ts . T h e  M & E  c o n s u lta n ts  a ls o  a id e d  in  th e  c o m p ila t io n  o f  a  c o m p o n e n t lis t to  fo rm  th e  tw o  
re s p e c t iv e  “fu n c tio n a l u n its ” . E s t im a to rs  p u t fo rw a rd  th e  c o s ts  fo r  th e s e  c o m p o n e n ts , an d  th e  P S A  C o s t in  
U s e  ta b le s  (s e e  2 4 -m o n th  re p o r t  fo r  d e ta ils )  w e re  u se d  to  a s c e r ta in  th e  m a in te n a n c e  in te rv a ls  and  re s p e c tiv e  
m a in te n a n c e  c o s ts . T h e s e  c o s ts  a re  s u m m a r is e d  b e lo w  in  f ig u re  2 .1 .3 .
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Figure 2.1.3: C o s t fu n c tio n a l u n its  fo r  g a s  a n d  e le c tr ic a l h e a tin g  o p t io n s .
T h e  c o s t  c o m p a ris o n  b e tw e e n  th e s e  tw o  s y s te m s  is s h o w n  b e lo w  ( f ig  2 .1 .4 ). T h e  g ra p h s  re p re s e n t th e  
f in a n c ia l im p lic a tio n s  o f  s e le c tin g  a  g a s  s y s te m  o v e r e le c tr ic .
Financial Implications of Low Energy Strategy
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Figure 2.1.4: T h e  f in a n c ia l im p lic a tio n s  o f  s e le c tin g  a  g a s  s p a c e  a n d  w a te r  h e a tin g  s y s te m  o v e r e le c tr ic
F ig u re  2 .1 .4  a g a in  d e m o n s tra te s  th e  fa c t  th a t  th e  d is c o u n t ra te  h a s  litt le  s ig n if ic a n c e  on  p a y b a c k  p e r io d s , 
a n d  h e n c e  th e  p e rc e iv e d  v ia b il ity  o f  th e  p ro p o s a ls . T h e  h igh  a n d  lo w  s e n s it iv it ie s  in  f ig u re  2 .1 .4  a re  s e t  a t  
2 0 %  a b o v e  a n d  b e lo w  th e  H M  T re a s u ry  a p p ro v e d  ra te  o f  6 % . It is  e x p e c te d  th a t  th e  d is c o u n t ra te s  a re  lik e ly  
to  be  s e n s it iv e  o n  o p t io n s  w ith  lo n g e r p a y b a c k  p e rio d s , a n d  th e  s o la r  w a te r  h e a t in g  c a s e  w ill e n a b le  th e  
q u a lif ic a t io n  o f  th is .
i Electrical Option Gas Option
1 A n n u a l C 0 2  E m is s io n s  (R e s id e n tia l)  | 1050 tonnes 595 tonnes
Figure 2.1.5: A n n u a l c a rb o n  d io x id e  e m is s io n s  s ta tis tic s  fo r  a n  e le c tr ic  a n d  g a s  h e a t in g  s y s te m  a t  th e  
U n iv e rs ity  o f  H e rtfo rd s h ire .
F ig u re s  2 .1 .4  a n d  2 .1 .5  d e m o n s tra te  th e  s ta tis t ic s  to  b e  p re s e n te d  to  th e  c lie n t  a s  ju s t if ic a t io n  f o r  th e  g a s  
o p tio n  b e in g  th e  m o s t e f f ic ie n t  a n d  e n v iro n m e n ta lly  fa v o u ra b le  o p t io n  fo r  h e a tin g  re q u ire m e n ts . H o w e v e r , th e  
fa c t  th a t  e n e rg y  c o s ts  fa ll w ith  th e  c lie n t a n d  n o t th e  c o n s o rt iu m , C a r ill io n  m u s t re m o v e  th e  e n e rg y  c o s ts  fro m  
th e ir  o w n  f in a n c ia l m o d e ls . O n  th is  b a s is  th e  fin a n c ia l im p lic a tio n s  o f  s e le c t in g  a  g a s  s y s te m  a re  le s s  
fa v o u ra b le , b u t re d u c e d  o p e ra tin g  a n d  m a in te n a n c e  c o s ts  m e a n s  th a t  s o m e  o f  th e  a d d it io n a l c a p ita l is  
re c o u p e d  o v e r  th e  p ro je c t  te rm  (s e e  f ig  2 .1 .6 ) .
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Figure 2.1.6: T h e  f in a n c ia l im p lic a tio n s  o f  s e le c tin g  g a s  o v e r  e le c fr ic  h e a tin g  w h e n  a ll e n e rg y  c o s ts  h a v e  
b e e n  re m o v e d .
T h e  d is p a r ity  b e tw e e n  f ig u re  2 .1 .4  a n d  F ig u re  2 .1 .6  d e m o n s tra te  o n e  o f  th e  k e y  w e a k n e s s e s  in  P F I o f  
d e liv e r in g  b u ild in g s  w ith  e x c e lle n t lo n g  te rm  e n e rg y  p e r fo rm a n c e . U n d e r  th e  c u r re n t  c o n tra c tu a l c o n d it io n s  a n  
e le c tr ic a l h e a tin g  s y s te m  w o u ld  be  s e le c te d  w h ic h  h a s  b e e n  d e m o n s tra te d  in  f ig u re s  2 .1 .4  to  2 .1 .6  t o  b e  b o th  
f in a n c ia lly  a n d  e n v iro n m e n ta lly  in fe r io r. T h e  fu ll da ta  s e t  w ill b e  p re s e n te d  to  th e  c lie n t  d e m o n s tra t in g  th e  
s ig n if ic a n t a d v a n ta g e s  o f  a  g a s  s y s te m , b u t  th e  s a v in g s  a c c ru e d  b y  th is  o p tio n  c u r re n t ly  c a n n o t b e  o f fs e t  in  
th e  u n ita ry  p a y m e n t b y  th e  c lie n t to  th e  c o n s o rtiu m . T h is  is  a  s ig n if ic a n t  g re y  a re a  w ith in  P F I th a t  th is  
p ro c e d u re  m u s t b e  a b le  to  a d d re s s , s u c h  th a t  fu tu re  P F I c o n tra c ts  h a v e  e n e rg y  c o s ts  in c lu d e d  a s  p a r t  o f  th e  
f in a n c ia l m o d e l re g a rd le s s  o f  w h o  is  u lt im a te ly  p a y in g  th e  b ill.
Summary
T h e  c o s t a n d  e n e rg y  p e r fo rm a n c e  im p lic a tio n s  o f  th e  s o la r  w a te r  h e a tin g  o p tio n  a re  y e t to  b e  fu l ly  co s te d , 
and  h e n c e  th e  re s u lts  a re  n o t y e t  a v a ila b le .  T h e  in it ia l in d ic a to rs  s u g g e s t  th a t th e  s y s te m  is a b le  to  p a y  b a ck  
th e  in itia l c a p ita l c o s ts  th ro u g h  b o th  e n e rg y  s a v in g s  a n d  th e  p ro lo n g e d  life  o f  h e a tin g  p la n t w h ic h  w o u ld  be  
used  fo r  fe w e r  h o u rs  a  y e a r  if  b a c k e d  u p  b y  a  s o la r  s y s te m . T h e  c o s t in g  re s u lts  w h ic h  h a v e  b e e n  d e v e lo p e d  
th ro u g h  th e  E n e rg y  T o o lk it  h a v e  th u s  fa r  b e e n  v e ry  p o w e rfu l in  fo c u s in g  th e  m in d s  o f  th e  d e s ig n  te a m , an d  in 
p re s e n tin g  a  c a s e  fo r  th e  m o s t e f f ic ie n t  a n d  e n v iro n m e n ta lly  s o u n d  d e s ig n  o p tio n s . T h e  d e s ig n  te a m  ha ve  
tru s te d  a n d  a c te d  o n  a ll th e  re c o m m e n d a t io n s  p ro v id e d  b y  th e  to o l s o  fa r .  A lth o u g h  th e  c o n tra c tu a l s itu a tio n s  
h a ve  s o m e tim e s  p re s e n te d  s o m e  o b s ta c le s , th e  te a m  n o w  ha s  a  c o m m o n  u n d e rs ta n d in g , a n d  a  m o tiv a tio n  
in s e e k in g  to  o v e rc o m e  th e m , h e n c e  fu r th e r  d if fe re n t ia t in g  th e  b id . T h e  re s u lts  re g a rd in g  th e  g a s  v s . e le c tr ic  
h e a tin g  o p tio n  fo r  e x a m p le  a re  b e in g  p re s e n te d  to  th e  c lie n t to  g a in  an  u n d e rs ta n d in g  o f  w h e th e r  th e  
c o n s o rtiu m  a re  a llo w e d  to  in c lu d e  e n e rg y  c o s ts  a s  p a r t  o f  th e ir  d e s ig n  v a lid a tio n . C o n s id e r in g  th e  fa c t  th a t 
th e  s o la r w a te r  h e a tin g  e x a m p le  is  l ik e ly  to  h a v e  a n  e x te n d e d  p a y b a c k  p e rio d  o f  b e tw e e n  15  a n d  2 5  y e a rs , it 
w ill b e  im p o rta n t to  n o te  th e  re a c t io n  o f  th e  p ro je c t  te a m  a n d  th e  c lie n t to  th e  p ro p o s a ls , a n d  w h e th e r  th e  
d is c o u n t ra te  b e c o m e s  a  s e n s it iv e  fa c to r .  G la z in g  o p t io n s  a re  u n d e r  re v ie w  a t  th e  m o m e n t, a n d  th e  E n e rg y  
T o o lk it  w ill b e  u s e d  to  e x a m in e  th e  p e r fo rm a n c e  o f  a n y  n e w  “v a lu e  e n g in e e re d ” p ro p o s a ls , e n s u r in g  th a t  a n y  
re d u c tio n s  in  p e r fo rm a n c e  a re  b a s e d  o n  s o u n d  w h o le  li fe  c o s t re a s o n s . T h e  a p p ro a c h  in v a lu e  e n g in e e r in g  
e x e rc is e s  ha s  ty p ic a lly  b e e n  th e  n e e d  to  c u t  £ x  o f f  th e  c a p ita l c o s t  a n d  £ x  w ith  litt le  u n d e rs ta n d in g  o r  
in te rp re ta tio n  o f  h o w  th e s e  tw o  c o s t  c o m p o n e n ts  a re  lin k e d .
W h e n  w a te r  h e a tin g  h a s  b e e n  a d d re s s e d , a n d  th e  fa v o u ra b le  s o lu t io n  a g re e d , it is  lik e ly  th a t  th e  la rg e s t 
re m a in in g  c o n s u m e r w ill b e  e le c tr ic a l a p p lia n c e s , fo r  e x a m p le  a ll ro o m s  h a v e  re fr ig e ra to rs , a n d  a s  th e  f la ts  
a re  s e lf  c a te rin g  a  m in im u m  le v e l o f  a p p lia n c e  p ro v is io n  m u s t b e  m e t in  th e  k itc h e n s . T h e  E n e rg y  T o o lk it  is  to  
be  u s e d  b y  th e  e s t im a to rs  to  in v e s t ig a te  th e  c o s t  im p lic a tio n s  a n d  s a v in g s  o ffe re d  b y  a p p lia n c e s , w h ic h  
a c h ie v e  a n  “A ” ra t in g  u n d e r  th e  E u ro p e a n  C o m m u n ity  E n e rg y  L a b e l ( fo r  fu r th e r  d e ta ils  see : 
h ttp ://w w w .e n v iro n m e n t.d e tr .g o v .u k /e n e rg y la b e ls /rw ). T h is  d e m o n s tra te s  th e  in h e re n t  f le x ib il ity  o f  th e  to o l in  
d e a lin g  w ith  a  la rg e  n u m b e r  o f  p o te n t ia l o p tio n s .
A  w in d  tu rb in e  w a s  a ls o  c o n s id e re d  fo r  th e  s ite  a t  th e  U n iv e rs ity  o f  H e rtfo rd s h ire . T h is  is c u r re n t ly  b e in g  
a d d re s s e d  b y  th e  c o n s o r t iu m ’s  p la n n in g  a d v is o rs , a n d  fu r th e r  re s e a rc h  w ill o n ly  b e  u n d e rta k e n  i f  p la n n in g  
p e rm is s io n  is lik e ly  to  b e  g ra n te d .
2.3 Bedford and Luton Magistrates Courts PFI
T h e  p ro je c t c o n s is ts  o f  th e  d e s ig n , c o n s tru c t io n , re fu rb is h m e n t a n d  o p e ra tio n  o f  tw o  e x is tin g  c o u r t  b u ild in g s  
a t B e d fo rd  a n d  L u to n , p ro v id in g  5  a n d  7  c o u r ts  re s p e c t iv e ly  a t  e a c h  lo c a tio n .
T h e  p ro je c t w a s  s e le c te d  fo r  s tu d y  a s  th e  m e a n s  to  te s t  th e  E n e rg y  T o o lk it  o n  a n  e x is tin g  b u ild in g  u n d e r a  
p ro c e s s  o f  re fu rb is h m e n t a n d  re - f it .  A s  m a n y  p a ra m e te rs  in  th e  d e s ig n  a re  e s s e n t ia lly  f ix e d , th e  a im  is  to  
in v e s tig a te  th e  le v e l o f  a v a ila b le  e n e rg y  p e r fo rm a n c e  e n h a n c e m e n t, a n d  to  d e ta il a n y  c h a n g e s  th a t  w o u ld  be  
re q u ire d  to  th e  g e n e r ic  p ro c e d u re s  t o  d e a l w ith  re fu rb is h m e n t p ro je c ts  in  th e  fu tu re .
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2.3.1 Bedford Magistrates
T h e  B e d fo rd  m a g is tra te s  c o u r t  b id  in v o lv e s  th e  in te rn a l re s tru c tu r in g  a n d  re fu rb is h m e n t o f  a n  18^^ C e n tu ry  
lis te d  c o u rth o u s e . T h e  o rig in a l c o u r th o u s e , S h ire  H a ll, b u ilt  in 1881 h a s  b e e n  u p d a te d  in  a  p ie c e m e a l fa s h io n  
w ith  a  n u m b e r o f  a d d itio n s  th a t  a re  o u t  o f  p la c e  w ith  th e  e x is tin g  a rc h ite c tu re . T h e s e  a d d itio n s  a re  n a m e d  th e  
w a te rs id e  e x te n s io n  a n d  th e  H o ld e n  B u ild in g  re s p e c tiv e ly , and  a re  d e ta ile d  in f ig u re  2 .2 .1  a n d  2 .2 .2  b e lo w . 
T h e  C a r ill io n  re s p o n s e  h a s  b e e n  to  re m o v e  a ll b u t th e  e s s e n tia l b u ild in g s  fro m  th e  s ite . T h is  s till le a v e s  a  
s u b s ta n tia l p ro p o rtio n  o f  th e  e x is t in g  b u ild in g  in a n d  a ro u n d  S h ire  H a ll.
m  I ' M
Figure 2.2.1: R iv e rs id e  e le v a tio n  o f  c u rre n t B e d fo rd  M a g is tra te s  C o u rt. (W a te rs id e  E x tn . o n  R ig h t)
.1 . * £ ." '. I . . .  ■ I.. .
•I I I I
» •  ««  i
Figure 2.2.2: F ro n ta l E le v a tio n  o f  S h ire  H a ll (H o ld e n  B u ild in g  Le ft, S h ire  H a ll R ig h t)
T h e  b u ild in g  h a s  a  f lo o r  a re a  o f  a p p ro x im a te ly  54 0 0 m ^. T h e  in te rn a l re s tru c tu r in g  w ill ta k e  p la c e  in  
c o n ju n c t io n  w ith  s im ila r  w o rk s  o n  L u to n  M a g is tra te s  c o u r ts  w ith  v r ii ic h  th is  p ro je c t is  lin k e d . T h is  p ro je c t ta k e s  
th e  re fu rb is h m e n t a  s ta g e  fu r th e r  a s  th e re  a re  a ls o  s ig n if ic a n t re s tr ic t io n s  o n  h o w  th e  lis te d  b u ild in g  c a n  b e  
a lte re d . T h e  c o n s o r t ia  a re  is c o n tra c tu a lly  o b lig e d  to  w o rk  w ith in  th e  g u id e lin e s  a n d  re c o m m e n d a t io n s  o f  
E n g lis h  H e r ita g e  w ith  re s p e c t to  h o w  th e  e x is tin g  b u ild in g  c a n  b e  tre a te d .
T h e  in te rn a l e n v iro n m e n t c a n  b e  c o n s id e re d  in a  c o m p a ra b le  m a n n e r to  o ff ic e  s p a c e , w ith  s im ila r  th e rm a l 
d e m a n d s  a n d  to le ra n c e s , a n d  lik e  o c c u p a tio n  a n d  v a c a tio n  p a tte rn s . H o w e v e r  th e re  a re  a re a s  o f  
d is s im ila r ity ,  s u c h  a s  th e  m u c h  g re a te r  f lo o r-c e il in g  h e ig h ts  in th e  c o u r tro o m s , w h ic h  a l lo w  a  v e r t ic a l 
s tra t if ic a t io n  o f  te m p e ra tu re . T h is  w ill b e  a d d re s s e d  b y  s p e c ify in g  th e  c o u r tro o m s  a s  a  s e p a ra te  z o n e  w ith in  
th e  E n e rg y -1 0  m o d e l a n d  th is  w ill a l lo w  th e  in c lu s io n  o f  tw o  a lte rn a tiv e  f lo o r  to  c e ilin g  h e ig h ts .
T h e  g e n e r ic  p ro c e d u re  w a s  a d o p te d  in  th e  s a m e  m a n n e r a s  w ith  a  n e w  bu ild  p ro je c t, h o w e v e r, th e  n u m b e r  
o f  v a r ia b le  fa c to rs  is  o b v io u s ly  re d u c e d  (s u c h  a s  o rie n ta tio n  an d  g la z in g  ra tio s ). H o w e v e r, c o n s id e r in g  th a t  
th e  re fu rb is h m e n t a ls o  in c lu d e s  s o m e  n e w  bu ild  fa c a d e s , s ig n if ic a n t in te rn a l re -s h a p in g  a n d  n e w  p la n t a n d  
e q u ip m e n t, th e  le v e l o f  in itia l o p p o r tu n ity  is s till p o te n tia lly  s ig n if ic a n t.
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T h e  p ro c e d u re  o p e ra te d  in a  s im ila r  m a n n e r to  th a t d e s c r ib e d  in  th e  U n iv e rs ity  o f  H e rtfo rd s h ire , w ith  th e  
c o n s tru c tio n  o f a  b a s ic  b u ild in g  d e s ig n  m o d e l, a n d  th e  te s t in g  o f  fu n d a m e n ta l d e s ig n  c o n s id e ra tio n s . T h e  
o u tc o m e  o f  th is  a n a ly s is , u n lik e  th e  U n iv e rs ity  o f  H e rts  w a s  le s s  a  m a tte r  o f  w h e re  to  p u t th e  b u ild in g  on  th e  
s ite , a s  th is  is a  f ix e d  fa c to r  ( th e  b u ild in g  a lre a d y  e x is ts ) , b u t ra th e r  h o w  th e  b u ild in g  s h o u ld  b e s t b e  in s u la te d , 
g la z e d  a n d  s e rv ic e d  in  its  c u r re n t fo rm . Is s u e s  o f  a ir  t ig h tn e s s  a n d  th e rm a l b r id g in g  a re  p a ra m o u n t in th e  
e x is tin g  b u ild in g s , p a r tic u la r ly  in  le a d e d  w in d o w s  th a t  a re  e x tre m e ly  p o o r ly  s e a le d .
T h is  o u tlin e  a n a ly s is  g a v e  th e  d e s ig n e rs  a n  id e a  o f th e  ra n g e  o f  p e r fo rm a n c e  th a t  c o u ld  b e  e x p e c te d  fro m  
th e  bu ild in g . T h e  re s u lts  o f  th is  a n a ly s is  a re  s h o w n  b e lo w .
Bedfordshire Courts / AutoBuild Shoebox
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Figure 2.2.3: R e fe re n c e  an d  L o w -E n e rg y  B e n c h m a rk  c o n s u m p tio n  e s t im a te s  fo r  B e d fo rd  M a g is tra te s  c o u r ts .
T h e  tw o  k e y  a c tio n s  re q u ire d  to  re a lis e  th e  h ig h e r  le v e ls  o f  p e r fo rm a n c e  a re  a s  fo llo w s :
■ Upgrade of thermal insulation: T h e re  is  c u r re n t ly  n o  th e rm a l in s u la t io n  in  th e  s tru c tu re , th e  w a lls  a re  s o lid  
5 0 0 -6 0 0 m m  b ric k . T h e  o p tio n  w o u ld  b e  to  a p p ly  in s u la t io n  to  th e  in s id e  o f  th e  w a lls ,  a n d  re - f in is h  w ith  a  
d ry - lin in g  (p la s te rb o a rd ). O b v io u s ly  th e  a c h ie v a b le  s ta n d a rd s  a re  lim ite d  b y  th e  th ic k n e s s  o f  in s u la t io n  
fe a s ib le . S in c e  m a n y  o f  th e  g ro u n d  f lo o r  s la b s  a re  to  b e  re -c o n s tru c te d  th e  in s u la t io n  in  th e  f lo o rs  is  a n  
a v a ila b le  o p tio n . It is  c o n s id e re d  th e  th e rm a l p e r fo rm a n c e  c o u ld  b e  b ro u g h t u p  to  th e  e x is t in g  b u ild in g  
re g u la tio n s . In s u la tin g  th e  ro o f  w o u ld  n o rm a lly  re p re s e n t a  s ig n if ic a n t  p o te n tia l fo r  im p ro v e m e n t,  h o w e v e r  
o n  th is  p a rtic u la r  b u ild in g  th e re  is  o n ly  a  v e ry  s m a ll r o o f  c a v ity , a n d  th e  p itc h e d  ro o fin g  a n g le s  a re  
e x p o s e d  on  th e  in n e r  c e ilin g  fa c e s  (k n o w n  a s  b a rre l v a u lte d  c e ilin g s ) , c o n s e q u e n tly  th e  a re a  a v a ila b le  fo r  
ro o fin g  in s u la tio n  is  lim ite d . In th is  in s ta n c e , a n d  c o n s id e r in g  th e  im p o r ta n c e  o f  ro o fin g  in th e rm a l 
p e rfo rm a n c e , th e  c e ilin g s  c o u ld  be  tre a te d  in  a s im ila r  m a n n e r  to  th e  w a lls  w ith  th e  a p p lic a t io n  o f  a n
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in te rn a l in s u la t io n  s e a le d  w ith  a  d ry  lin in g . In  a  ty p ic a l b u ild in g  up  to  4 5 %  o f  th e  to ta l h e a t lo s s  c a n  b e  
th ro u g h  th e  ro o f, d e s p ite  th e  fa c t  th a t  i t  u s u a lly  c o n s titu te s  le s s  th a n  2 0 %  o f  th e  to ta l e x p o s e d  a re a .
« Window Upgrades: W in d o w s  a re  a s s u m e d  to  b e  n o n -re p la c e a b le  c o n s id e r in g  th e  (G ra d e  II) lis te d  s ta tu s  
o f  th e  b u ild in g , b u t a n  a lte rn a t iv e  im p ro v e m e n t s y s te m  is  th e  a p p lic a tio n  o f  s e c o n d a ry  d o u b le  g la z in g  
e ith e r  o n  th e  o u te r  fa c e  ( to  p ro te c t  th e  le a d e d  g la s s ) o r  o n  th e  in n e r fa c e  o f  th e  w in d o w s .
It is  in te re s tin g  to  n o te  th a t th e  a d d itio n a l o f  in te rn a l in s u la t io n  to  th e  w a lls  a n d  v a u lte d  c e ilin g s  h a s  th e  e f fe c t  
o f  s lig h t ly  in c re a s in g  th e  c o o lin g  lo a d s . T h is  is  d u e  to  th e  fa c t  th a t  in te rn a l in s u la t io n  is  a c tu a lly  im p a ir in g  th e  
a b ili ty  o f  th e  th e rm a l m a s s  o f  th e  b u ild in g  to  re g u la te  in te rn a l te m p e ra tu re s , h e n c e  th e  h ig h e r  c o o lin g  
re q u ire m e n ts .
PFI and Service Related Building Contracts
i t  is  in te re s t in g  to  n o te  th a t  d e s p ite  th e  a s p ira t io n  to  d e liv e r  a  lo w -e n e rg y  b u ild in g , a ir  c o n d it io n in g  is  s t ill 
s p e c if ie d - T h is  is  a  c o n tra c tu a l q u ir ic  o f  P F I c o n tra c ts  in  w h ic h  th e  c o n s o rtiu m  o n ly  re c e iv e  p a y m e n t  w h e n  a n  
a re a  o f  th e  b u ild in g  is  d e e m e d  s e rv ic e a b le , a n d  te m p e ra tu re  to la a n c e s  a re  d e e m e d  p a r t  o f  th is  
s e rv ic e a b ility .  T h e  o c c u p ie d  s p a c e  is  o n ly  a llo w e d  to  e x c e e d  2 8 X  o n  s ix  d a y s  p e r  y e a r ,  a n d  c o n s id e r in g  th e  
s ig n rf ic a n t f in a n c ia l p e n a lt ie s  f o r  u n s e rv ic e a b le  s p a c e , th is  is  d e e m e d  to o  g re a t  a  r is k . T h e  e n e rg y  d e s ig n  
to o lk it  m u s t  d e m o n s tra te  th e  im p lic a tio n s  o f  a c c e p tin g  th e s e  c o n tra c tu a l c o n d it io n s , a n d  u n d e rs ta n d  th e  
n a tu re  o f  th e  e n v iro n m e n ta l a n d  f in a n c ia l c o s ts  in c u rre d  a s  a  r e s u lt  It w o u ld  b e  p o s s ib le  to  in c o rp o ra te  in to  
th e  E n e rg y  T o o lk it  th e  f in e s  f ro m  e x c e e d in g  th is  d e s ig n  te m p e a tu r e ,  a n d  u s e  th e  n u m b e r  o f  d a y s  p e r  y e a r  
th e  b u ild in g  fa lls  o u ts id e  th e s e  p a ra m e te rs  to  d e te rm in e  w h e th e r  i t  w o u ld  b e  f in a n c ia lly  v ia b le  to  ta k e  th e  r is k .  
C o n s id e r in g  th e  s ig n if ic a n t p la n t  a n d  e n e rg y  s a v in g s , i t  is  p o s s ib le  th a t  a c c e p t in g  th e  f in e s  re p re s e n ts  a  
f in a n c ia lly  tr ia b le  a p p ro a c h .
S u m m a ry  o f  T h e rm a l P e r fo rm a n c e  P a ra m e te rs :
F e a tu re R e fe re n c e  (C u r re n t)  S ta n d a r d s 1 U p g ra d e d  S ta n d a r d s
W a ll U -v a lu e 0 .7 1 0 .4 5
R o o f U -v a lu e 0 .4 1 0 .4
W in d o w  U -v a lu e 7  (L e a d e d  W in d o w ) 1 3 .5  (W ith  S e c o n d a ry  D G )
F lo o r  U -v a lu e 0 .7 7 I 0 .4 5
T h e s e  fa c to rs  a re  a s s u m p tio n s , b a s e d  o n  a  n u m b e r o f  d ra w in g s  o f  w a ll s e c t io n s  th a t  h a d  b e e n  m a d e  
a v a ila b le  to  th e  d e s ig n  te a m , th e y  a re  s u b je c t  to  c o n firm a tio n , a n d  a  re q u e s t fo r  fu rü ie r  in fo rm a t io n  w a s  s e n t  
o u t to  th e  c lie n t. O b ta in in g  a c c u ra te  in fo rm a tio n  on  th e  e x is t in g  s tru c tu re  is  c r it ic a l to  b o th  a s c e r ta in in g  th e  
c u r re n t  le v e l o f  p e r fo rm a n c e , a n d  a n y  a re a s  fo r  p ro p o s e d  im p ro v e m e n t. M a k in g  a n  e a r ly  re q u e s t  f o r  th is  
in fo rm a tio n  is  th e re fo re  c r it ic a l, a s  o p p o r tu n it ie s  w ill d im in is h  a s  th e  d e s ig n  d e v e lo p s . A ll th e  n e w  b u ild  
fa c a d e s  c o n fo rm  to  p ro p o s e  2 0 0 4  B u ild in g  R e g u la tio n s  s ta n d a rd s  w ith  re s p e c t to  in s u la t io n , th e rm a l b r id g in g  
a n d  a ir  t ig h tn e s s . A  s u m m a ry  o f  th e  p ro p o s e d  d e v e lo p m e n ts  in  th e  re v is io n  o f  th e  B u ild in g  R e g u la t io n s  c a n  
b e  fo u n d  in  th e  3 6 -m o n th  re p o rt.
A s  th e  lig h tin g  re q u ire m e n ts  h a v e  to  a  la rg e  e x te n t b e e n  d ic ta te d  b y  th e  e x is t in g  g la z in g  ra t io s  a n d  
o r ie n ta tio n , th e  k e y  e le m e n t o f  in f lu e n c e  is  th e  th e rm a l p e r fo rm a n c e  o f  th e  s tru c tu re . T h e  a s s u m p t io n s  m a d e  
a s  to  th e  th e rm a l p e r fo rm a n c e  o f  th e  w a lls  d u r in g  th e  e a r ly  s ta g e s  w a s  c o n f irm e d  to  b e  a c c e p ta b le  w ith
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in fo rm a tio n  fro m  th e  c lie n t, h o w e v e r  in  s o m e  a re a s  th e  w a ll th ic k n e s s  w e re  in c re a s e d , s lig h t ly  im p ro v in g  
o v e ra ll p e rfo rm a n c e .
C o n s id e r in g  th e  h ig h ly  s e n s it iv e  n a tu re  o f  th e  p ro p o s e d  c h a n g e s  E n g lis h  H e r ita g e  h a s  n o t a p p ro v e d  th e  
m e a s u re s  w ith  re s p e c t to  a d d itio n a l w a ll a n d  ro o f  in s u la t io n . T h is  is  d u e  to  th e  fa c t  th a t  th e  p ro p o s e d  d ry -  
lin in g  s o lu t io n  w o u ld  c o n c e a l to o  m u c h  h is to r ic  w a ll d e ta il.  S im p ly  in s u la t in g  a ro u n d  th e s e  fe a tu re s  is  n o t an  
o p tio n  s in c e  it  w ill s im p ly  s e rv e  to  a c c e n tu a te  th e  p e r fo rm a n c e  d e f ic ie n c ie s  o f  th e  n o n - in s u la te d  a re a s , a n d  
w o u ld  a ls o  p ro v e  a  v e ry  c o s tly  d e ta il in g  p ro c e s s . W ith  re s p e c t  to  th e  s e c o n d a ry  d o u b le -g la z in g , a p p ro v a l w a s  
o n ly  g iv e n  fo r  s ix  d o u b le  h e ig h t w in d o w s  in  th e  c o u r tro o m s , a g a in  th is  p ie c e m e a l a p p ro a c h  d o e s  n o t 
s ig n if ic a n t ly  im p ro v e  p e rfo rm a n c e .
M o re  d e ta ile d  in fo rm a tio n  o n  th e  w a lls  o b ta in e d  th ro u g h  th e  c lie n t  le d  to  a  s lig h t ly  lo w e r  u -v a lu e  th a n  in it ia l ly  
a n tic ip a te d , h e n c e  a  b e tte r p e r fo rm a n c e  o f  th e  e x te rn a l e n v e lo p e . T h e s e  fe a tu re s  w e re  c o m b in e d  to  p ro d u c e  
a  n e w  re fe re n c e  c a se . T a k in g  th e  c o m m e n ts  o f  E n g lis h  H e r ita g e  o n  b o a rd , th e  a s s e s s m e n t w a s  m o d if ie d  to  
in c lu d e  o n ly  th o s e  fe a tu re s  th a t  h a d  b e e n  a p p ro v e d . T h e s e  w e re  th e  in s u la t io n  o f  th e  u n d e rs id e  o f  th e  
g ro u n d  f lo o r  s la b  a n d  th e  lim ite d  e x te n t o f  s e c o n d a ry  d o u b le -g la z in g .
T h e  a llo w a b le  e x te n t o f  s e c o n d a ry  d o u b le  g la z in g  w a s  fo u n d  to  h a v e  v e ry  lit t le  im p a c t o n  th e  e n e rg y  
p e r fo rm a n c e  o f  th e  bu ild in g , 3 0 0 0  k W h /y r., w h ic h  is  in s ig n if ic a n t  a g a in s t  th e  1 4 0 0 0 0 0  k W h /y r . it  w ill ta k e  to  
o p e ra te  th e  b u ild in g . D e s p ite  th e  lim ite d  s a v in g s  th e  s tra te g y  w a s  c o s te d , a s  it  w a s  fe l t  th a t  th e  s e c o n d a ry  
g la z in g  w o u ld  re d u c e  d ra u g h ts  in  th e  c o u r tro o m s  a n d  e n h a n c e  o c c u p a n t c o m fo r t .  T h e  s e c o n d a ry  g la z e d  
a d d itio n s  w e re  a s s u m e d  to  h a v e  a  3 0 -y e a r  li fe  sp a n , a n d  o n  th is  b a s is  th e  c o s t  p e r fo rm a n c e  o f  th e  s tra te g y  
is  s u m m a ris e d  in  f ig u re  2 .2 .4  b e lo w .
Financial implications of Low Energy Strategy
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Figure 2.2.4: T h e  c o s t p e r fo rm a n c e  in  a p p ly in g  s e c o n d a ry  d o u b le -g la z in g  to  a  n u m b e r  o f  w in d o w s  in  
B e d fo rd  M a g is tra te s  C o u rt.
T h is  p a c k a g e  o f  in fo rm a tio n  h a s  b e e n  c o n v e y e d  to  th e  c lie n t,  p a r t ic u la r ly  c o n c e rn in g  th e  p o te n tia l a v a ila b le  
b u ild in g  p e r fo rm a n c e  (u s in g  c o s t  e f fe c t iv e  te c h n iq u e s )  a n d  th e  c u r re n t  p e r fo rm a n c e  s ta tu s  a f te r  th e  w is h e s  o f  
E n g lis h  H e r ita g e  h a v e  b e e n  ta k e n  o n  b o a rd . T h is  d e m o n s tra te s  a  p o s s ib le  c o n f lic t  b e tw e e n  th e  p ro te c t io n
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a n d  c o n s e rv a tio n  o f  o u r  h e r ita g e  a n d  h is to ry  a g a in s t  th e  d e s ire  to  re d u c e  g re e n h o u s e  g a s  e m is s io n s  a n d  
c u rb  g lo b a l w a rm in g .  T h is  d ic h o to m y  w ill c le a r ly  b e  a n  a re a  fo r  fu tu re  d is c u s s io n .
2 .3 .2  L u to n  M a g is tra te s  C o u r t
L u to n  M a g is tra te s  c o u r t, a s  w ith  B e d fo rd  is  a n  e x is tin g  c o u r t  fa c ility , w h ic h  is to  be  e x te n s iv e ly  re fu rb is h e d . 
T h is  p ro je c t h a s  b e e n  s e le c te d  b e c a u s e  it is  a  re fu rb is h m e n t p ro je c t in  w h ic h  a  m u ch  m o re  s ig n if ic a n t le v e l o f  
o p p o r tu n ity  is a v a ila b le  in  im p ro v in g  p e r fo rm a n c e . S in c e  th e  b u ild in g  is n o t lis ted , th e  p ro p o s e d  m e a s u re s  
w ill n o t re q u ire  h e r ita g e  a p p ro v a l,  o n ly  o rd in a ry  p la n n in g  a p p ro v a l fo r  e x te rn a l fe a tu re s . T h e  re a s o n s  fo r  
u t il is in g  th e  e x is t in g  b u ild in g  a n d  s ite  w e re  m a in ly  fu n c tio n a l a n d  g e o g ra p h ic a l, its  s e c u re  u n d e rg ro u n d  lin k  to  
L u to n  p o lic e  s ta tio n , a n d  th e  p ro x im ity  to  th e  m a in  r in g  ro a d  w h ic h  ru n s  a c ro s s  th e  f ro n t  o f  th e  c o u rt.
T h e  e x is t in g  b u ild in g  is  to  b e  re ta in e d , b u t th e  e x is tin g  fro n ta l fa c a d e  is  to  be  d e m o lis h e d  a n d  re p la c e d  to  
g iv e  th e  b u ild in g  th e  “ c iv ic  d ig n ity ”  th a t  is  c u r re n t ly  la c k in g . O n e  o f  th e  m a in  p ro b le m s  o f  th e  c u r re n t b u ild in g  
is th a t  th e  re la t iv e ly  d e e p  p la n  w ith  fe w  roof-1 ig h ts  m e a n s  th a t  th e re  is  litt le  na tu ra l lig h t  p e n e tra tio n  in to  th e  
c o re  o f  th e  b u ild in g .
T h e  E n e rg y  T o o lk it  w a s  u s e d  fo llo w in g  a n  in it ia l d e s ig n  te a m  m e e tin g  to  d is c u s s  th e  c lie n t 's  re q u ire m e n ts . 
F irs t ly  a s  is  g e n e r ic ,  th e  to o l w a s  u s e d  to  g e n e ra te  tw o  a lte rn a tiv e  a p p ro a c h e s  to  th e  b u ild in g  fro m  a n  e n e rg y  
p e r fo rm a n c e  p e rs p e c tiv e , a  c u r re n t  b u ild in g  re g u la tio n s  m in im u m  s ta n d a rd s  a p p ro a c h , a n d  a n  u p g ra d e d  
o p tio n . W h a t  h a s  im m e d ia te ly  b e c o m e  a p p a re n t in  th is  p ro je c t is  th a t  th e  im p ro v e m e n t o p t io n s  in 
re fu rb is h m e n t p ro je c ts  a re  n o t d ire c t ly  t ra n s fe ra b le  fro m  n e w -b u ild  o p tio n s . A c h ie v in g  fo r  e x a m p le  th e  
p ro p o s e d  2 0 0 4  in s u la t io n  le v e ls  (w h ic h  h a v e  b e e n  u s e d  a s  a  re fe re n c e  p o in t in  th is  re s e a rc h )  in  th e  w a lls  is  
c o n s id e ra b ly  m o re  c o m p le x . T h e  w a ll c a v it ie s  a re  o n ly  5 0 m m  w id e , a n d  c u rre n tly  a v a ila b le  in s u la t io n  w o u ld  
re q u ire  a t  le a s t a  7 0 m m  c a v ity  to  a c h ie v e  th e  re q u ire d  U -v a lu e  o f  0 .2 5  w /m ^  K.
In  te rm s  o f  c o n s tru c t io n  m a te r ia ls  a n d  th e rm a l s ta n d a rd s , th e  b u ild in g  is  w h o lly  c o n v e n tio n a l w ith  1 0 0 m m  
b lo c k  5 0 m m  c a v ity  a n d  1 0 0 m m  b r ic k  w a lls . T h e  f la t  ro o f, w a lls  a n d  f lo o rs  h a v e  n o  a d d it io n a l th e rm a l 
in s u la tio n . T h e  e x is t in g  w in d o w s  a re  a lu m in iu m  fra m e d , s in g le  g la z e d  w ith  d o u b le  th ic k n e s s  g la s s  (1 2 m m ). 
A n  a s s e s s m e n t w ill h a v e  to  b e  m a d e  a s  to  w h e th e r  th e s e  s h o u ld  b e  re p la c e d .
F ig u re  2 .3 .1  o n  th e  fo llo w in g  p a g e  d e m o n s tra te s  th e  re fe re n c e  a n d  lo w  e n e rg y  o p t io n s  a v a ila b le  o n  th e  
L u to n  M a g is tra te s  C o u r t  p ro je c t.
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Figure 2.3.1: T h e  p o te n tia l p e rfo rm a n c e  o f  th e  L u to n  M a g is tra te s  C o u r t  b u ild in g  u s in g  c u r re n t th e rm a l 
p e r fo rm a n c e  o f  b u ild in g  a n d  th e n  u s in g  a v a ila b le  u p g ra d e s . N o te  th e  s ig n if ic a n t  re d u c t io n  in  lig h tin g  lo a d s  a s  
a  re s u lt  o f  in tro d u c in g  roof-1 ig h ts  in to  th e  d e e p -p la n  a re a s  o f  th e  b u ild in g .
T h e  a b o v e  s c e n a r io  w ill d e p e n d  o n  th e  a b il i ty  to  in je c t th e  c u r re n t  v o id s  in th e  c a v ity  w ith  in s u la tio n , a n d  th e  
re p la c e m e n t o f  th e  c u rre n t s in g le  g la z e d  w in d o w  u n its  w ith  d o u b le  g la z e d  lo w  e m is s iv ity  c o a te d  w in d o w s . 
T h e  a s s e s s m e n t is  p e n d in g  o n  th e  w a ll in s u la t io n  s in c e  th e  c o s ts  in v o lv e d  h a v e  n o t y e t  b e e n  a g re e d . T h e  
w in d o w  s tra te g y  h a s  b e e n  fu lly  c o s te d , a n d  th e  w in d o w  u p g ra d e  a lo n e  w ill d e liv e r  a p p ro x im a te ly  1 7 %  
re d u c tio n  in  h e a tin g  lo a d s . T h e  a d d itio n a l c o s ts  o f  in s ta llin g  n e w  w in d o w s  is  a p p ro x im a te ly  £ 4 0 ,0 0 0 , b u t u n til 
th e  fu ll in s u la tio n  s tra te g y  is c o s te d  it is  n o t c o n s id e re d  a p p ro p r ia te  to  d e m o n s tra te  th e  c o s t  im p lic a tio n s  o f  
w in d o w s  a lo n e , a s  th e y  w o u ld  b e  c o n s id e re d  a s  p a rt o f  a n  in te g ra te d  s tra te g y .
2.4 Wallsgrave Hospital
T h is  p ro je c t h a s  b e e n  se le c te d  in o rd e r to  e v a lu a te  th e  p e r fo rm a n c e  o f  th e  to o ls  d e v e lo p e d  to  d a te  o n  a  
b u ild in g  w ith  m o re  c o m p le x  fu n c tio n a l a n d  te c h n ic a l s p e c if ic a tio n . It is  in  b u ild in g s  o f  th is  n a tu re  w h e re  
s im p lif ie d  m o d e llin g  to o ls  su c h  a s  E n e rg y -1 0  fa c e  p ro b le m s  w ith  v e n t ila t io n  s tra te g ie s , a n d  th e  c o m p le x ity  o f  
th e rm a l z o n e s . H o w e v e r a s  a  to o l on  w h ic h  to  b a s e  a n  e n e rg y  s tra te g y  fo r  th e  b u ild in g  th e  le s s o n s  re m a in  
v a lid .  It p ro v e d  p a r tic u la r ly  im p o rta n t in  th is  p ro je c t to  c o n t in u a lly  re m in d  th e  d e s ig n  te a m  th a t  th e  f ig u re s  
fro m  E n e rg y -1 0  in  th is  in s ta n c e  a re  o n ly  in d ic a to rs  to  p o te n tia l p e r fo rm a n c e  Im p ro v e m e n t, a n d  a re  n o t 
a b s o lu te  c o n s u m p tio n  f ig u re s , w h ic h  a re  u s u a lly  in te rp re te d  a s  ta rg e ts .
C o v e n try ’s W a lls g ra v e  h o sp ita l P F l is a  £ 2 2 5  m illio n  re s tru c tu r in g  p ro g ra m m e  fo r  a n  e x is t in g  s ite , te rm e d  a  
s ite  c o n s o lid a tio n . E s s e n tia lly , th is  e n ta ils  th e  d e m o lit io n  o f  a ll b u t o n e  o f  th e  s ite  b u ild in g s  a n d  a  p ro g ra m m e  
o f  n e w  c o n s tru c tio n  w o rk s . T h e  h o s p ita l a n d  s ite  w ill re m a in  fu l ly  o p e ra tio n a l d u r in g  th e  c o n s tru c t io n  
p ro g ra m m e , a n d  h e n c e  th e  p ro je c t re p re s e n ts  a  s ig n if ic a n t lo g is t ic a l c h a lle n g e  a s  d e p a r tm e n ts  a re  d e c a n te d  
b e tw e e n  e x is tin g  a n d  n e w  b u ild in g s . F o llo w in g  th e  c o m p le tio n  o f  th is  d e c a n tin g  o p e ra tio n , th e  e x is t in g  
b u ild in g s  a re  to  b e  d e m o lis h e d , a g a in  w ith o u t a ffe c tin g  th e  fu n c t io n  o f  th e  h o s p ita l.  T h e  n e w  s ite  w ill 
e s s e n t ia lly  c o m p r is e  o f  fo u r  d is tin c t b u ild in g  u n its . F irs tly  a n d  m o s t s ig n if ic a n t ly  th e  a c u te  h o s p ita l fa c il it ie s ,  o f  
a p p ro x im a te ly  8 6 ,0 0 0  s q u a re  m e tres , h o u s in g  th e  m a jo r ity  o f  th e  c lin ic a l fu n c t io n s  o f  th e  h o s p ita l a lo n g  w ith  
a p p ro x im a te ly  1 0 0 0  bed  s p a ce s . T h e  re m a in in g  un its  a re  a  C lin ic a l S c ie n c e s  b lo c k  (a  re s e a rc h  a n d  te a c h in g  
fa c il ity ) ,  th e  m e n ta l h e a lth  u n it (a  re s id e n t ia l h o m e  fo r  th e  m e n ta lly  ill) , a n d  a  lim ite d  n u m b e r  o f  o n -s ite  
re s id e n c e s , m a in ly  n u rs e s  a c c o m m o d a tio n .
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W h a t is im m e d ia te ly  a p p a re n t is  th a t  th e  re s id e n tia l ty p e  u n its  c a n , if  th e y  a re  c o n s tru c te d  in  th e  s a m e  
m a n n e r, b o r ro w  h e a v ily  fro m  th e  e x p e r ie n c e s , le s s o n s  a n d  re c o m m e n d a tio n s  th a t h a v e  a ris e n  o u t o f  th e  
U n iv e rs ity  o f  H e rtfo rd s h ire  re s id e n t ia l d e v e lo p m e n t.  It m u s t h o w e v e r b e  re c o g n is e d  th a t e a ch  s u c c e s s iv e  
p ro je c t o f  a  s im ila r  n a tu re  re p re s e n ts  a  fu r th e r  o p p o r tu n ity  to  re f in e  th e  fo rm u la  fu r th e r  s till. It is  im p o rta n t th a t  
th is  d e s ig n  p ro c e d u re  c a p tu re s  th e  le s s o n s  le a rn e d  fro m  p ro je c ts  s u c h  th a t th e y  d o  n o t ne ed  to  b e  le a rn e d  
a g a in  a n d  a g a in . T h is  tra n s fe r  o f  k n o w le d g e  b e tw e e n  lik e  p ro je c ts  (a  ty p ic a l c o n s tru c tio n  in d u s try  p ro b le m ) is 
to  b e  a d d re s s e d  b y  th e  d e v e lo p m e n t o f  a  p ro je c t d e s ig n  a rc h iv e , s e e  s e c tio n  2 .4  fo r  fu r th e r  d e ta ils . T h e re  is 
a  p o te n tia l d a n g e r  in  th a t th e  a rc h iv e  m a y  b e  u s e d  to  b y p a s s  th e  to o l, a n d  le a d  to  a n  in a p p ro p r ia te  s tra te g y  
b e in g  u n iv e rs a lly  a p p lie d . T h e  a rc h iv e  w ill n o t p re s e n t d e ta ile d  d a ta , b u t ra th e r  k e y  d e s ig n  p a ra m e te rs  s u c h  
a s  U -v a lu e s , c o n s tru c t io n  m e th o d s , v e n t ila t io n  s tra te g y , l ig h t in g  s tra te g y , o r ie n ta tio n  an d  s ite  d e ta ils . It is  
in te n d e d  th a t  th e  a rc h iv e  b e  u s e d  to  d e m o n s tra te  th e  p o te n t ia l v a lu e  o f  th e  to o l to  fu tu re  p ro je c ts , a n d  to  
p ro v id e  a  u s e fu l s ta r t in g  p o in t in  th e  a n a ly s is .
C o n s id e r in g  th e  h ig h  s ig n if ic a n c e  o f  th e  a c u te  H o s p ita l b u ild in g s  in  te rm s  o f  w h o le  s ite  e n e rg y  c o n s u m p tio n , 
it is  th is  b u ild in g  w h ic h  w ill b e  th e  s u b je c t  o f  a n a ly s is . T h is  b u ild in g  is c o m p le x  a n d  d iv e rs e  in te rm s  o f  its  
fu n c tio n , b u t a ls o  in  te rm s  o f  th e  in te rn a l e n v iro n m e n ts  ( lig h t,  te m p e ra tu re , h u m id ity  e tc )  re q u ire d  to  p e rfo rm  
th e s e  fu n c tio n s  d u r in g  v a r io u s  p a r ts  o f  th e  d a y , s o m e  a re a s  w ill b e  o p e n  2 4  h o u rs , w h ile  o th e rs  w ill o n ly  
o p e ra te  d u r in g  th e  d a y . T h is  re p re s e n ts  a  s ig n if ic a n t c h a lle n g e  fo r  E n e rg y -1 0  s in c e  th e  m e th o d o lo g y  c a n  
o n ly  e v a lu a te  tw o  o p e ra tio n a l z o n e s , a n d  th e re  w ill b e  a t  le a s t  6  in  a  h o s p ita l b u ild in g  o f  th is  n a tu re . T h e s e  
z o n e s  a re  a re a s  w h ic h  h a v e  lik e  o c c u p a tio n , th e rm a l l ig h t  a n d  o th e r  e n v iro n m e n ta l re q u ire m e n ts , a n d  fo r  
e x a m p le  a n  e n tra n c e  a re a , a  w a rd  a re a , a n  o p e ra tin g  th e a tre  a n d  a  h o s p ita l m o rtu a ry  a ll re q u ire  v e ry  
d iffe re n t c o n d it io n s  to  s u p p o r t  a n d  m a in ta in  th e ir  re s p e c t iv e  fu n c tio n s . In o rd e r  to  u s e  E n e rg y -1 0  th e  b u ild in g  
w a s  p h y s ic a lly  d iv id e d  in to  th re e  b u ild in g s . T h is  w a s  m a d e  p o s s ib le  in  th e  la te r  s ta g e s  b y  th e  d e s ig n  o f  th e  
p ro p o s e d  b u ild in g  w h ic h  w a s  in  th re e  d is t in c t  b lo c k s  w ith  lim ite d  p o in ts  o f  c o n ta c t b e tw e e n  th e m  (s e e  th e  
p ro je c t d ra w in g  o n  p a g e  19  fo r  d e ta ils  o f  th is ) , h e n c e  th e  c o n s id e ra t io n  o f  e a c h  u n it  a s  a n  in d iv id u a l b u ild in g .
H o s p ita ls  a re  a m o n g s t th e  h ig h e s t  c o n s u m e rs  (p e r  u n it  a re a )  o f  e n e rg y  in  th e  b u ilt  e n v iro n m e n t (P o u t e t. a l. 
1 9 9 9 ) c o n s u m in g  a lm o s t tw ic e  th e  e n e rg y  p e r  u n it  a re a  o f  a ir -c o n d it io n e d  o ff ic e . T h e s e  s ig n if ic a n t e n e rg y  
c o n s u m p tio n  e le m e n ts  a r is e  m a in ly  f ro m  h e a tin g  lo a d s  a n d  h ig h  v e n t ila tio n  ra te s  th a t  a re  m e d ic a lly  c r it ic a l to  
th e  m a in te n a n c e  o f  a  s u ita b le  in te rn a l e n v iro n m e n t.  T h e  ta b le  b e lo w  ( f ig u re  2 .4 .1 ), ta k e n  fro m  g o v e rn m e n t 
s ta t is t ic s  o n  n o n -d o m e s tic  b u ild in g s , d e m o n s tra te s  a  ty p ic a l e n e rg y  p ro file  fo r  a n  a c u te  h o s p ita l. L ig h tin g  a n d  
h e a tin g  a re  s o m e  o f  th e  m a in  fa c to rs  s tro n g ly  in flu e n c e d  b y  th e  o r ie n ta tio n  a n d  g la z in g  c h a ra c te r is tic s  o f  th e  
b u ild in g . T h is  in  tu rn  m e a n s  th a t  th e s e  in it ia l s tra te g ic  d e c is io n s  in  s itu a t in g  a n d  fo rm u la t in g  th e  b u ild in g  a re  
c r it ic a lly  im p o r ta n t in  a c h ie v in g  a  s ig n if ic a n t  im p ro v e m e n t in  p e r fo rm a n c e .
E n e r g y  C o n s u m p t io n  E le m e n ts G J /m ^ /y r %  o f  T o ta l
H e a tin g 1 .5 55
D o m e s tic  H o t W a te r 0 .7 5 27
C a te r in g 0 .2 5 9
L ig h tin g 0 .1 5 5
C o o lin g 0.1 4
Figure 2.4.1: T h e  e n e rg y  p ro file  o f  a  ty p ic a l h o s p ita l f ro m  n a tio n a l s ta t is t ic s . (P o u t e t. a l. 1 9 99 , p 9 1 , s e e  2 4  
m o n th  R e p o rt)
17
E n e rg y -1 0  is  n o t d e s ig n e d  fo r  u se  on  la rg e  b u ild in g s , a n d  as  s u c h , th e  b u ilt- in  p a ra m e te rs  s u rro u n d in g  
v e n tila tio n , h e a tin g  an d  c o o lin g  o p tio n s  a re  p r im a rily  th o s e  y o u  w o u ld  f in d  in s m a lle r  b u ild in g s . W ith  c a re fu l 
t re a tm e n t o f  th e  b u ild in g , th e  to o l can  s till b e  use d  h o w e v e r to  a s c e r ta in  th e  re la t iv e  p e r fo rm a n c e  o f  
a lte rn a tiv e  d e s ig n  o p tio n s , a n d  in de ed  th e  re s u lts  o b ta in e d  fro m  th e  to o ! fo r  th e  ty p ic a l “ g o o d  p ra c tic e ” 
b u ild in g s  (u s in g  c u rre n t b u ild in g  re g u la tio n s  b e n c h m a rk s )  c o m p a re  v e ry  w e ll w ith  g o v e rn m e n t  s ta tis t ic s .
T h e  L T  m e th o d  w a s  an  a lte rn a tiv e  e n e rg y  a s s e s s m e n t m e th o d o lo g y  c o n s id e re d  fo r  th is  b u ild in g . H o w e v e r 
th is  to o l in  its  c u rre n t fo rm  is  u n a b le  to  dea l w ith  in s u la t io n  le v e ls  a s  a  v a r ia b le , a n d  c o n s id e r in g  th e  h e a tin g  
lo a d s  o n  s u c h  a  bu ild in g , th e s e  m e a su re s  a re  c o n s id e re d  p a ra m o u n t. T h e  L T  m e th o d  is  s h o r t ly  to  re a c h  its 
p h a s e  2 re le a s e , in a  fu lly  c o m p u te r  ba sed  m o d e l w h ic h  a llo w s  fa r  e a s ie r  in te rp re ta tio n  a n d  in p u t o f  d a ta . 
T h e  n e w  v e rs io n  a ls o  a llo w s  th e  v a r ia n c e  o f  in s u la tio n  le v e ls . F u ll d e ta ils  o f  th is  to o l w il l b e  d e ta ile d  in  th e  
n e x t 6 -m o n th  re p o rt.
T h e  b e n c h m a rk  m o d e l b u ild in g  p ro d u ce d  th ro u g h  th e  E n e rg y  T o o lk it  s u g g e s te d  th e  fo llo w in g  ra n g e  o f  
p o s s ib le  p e r fo rm a n c e :
Wallsgrave Acute Sector / AutoBuild Shoebox
ANNUAL ENERGY USE
R e fe re n ce  C ase  I
C oo lingH e a tin g
L o w -E n e rg y  C a s e
459
100
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Figure 2.4.2: L o w  E n e rg y  a n d  R e fe re n c e  O p tio n s  fo r  th e  W a lls g ra v e  A c u te  H o s p ita l B u ild in g .
O n  th e  W a lls g ra v e  a c u te  b u ild in g , th e  lo c a tio n  an d  o r ie n ta tio n  o f  th e  b u ild in g  w a s  s lig h t ly  c o n s tra in e d  b y  th e  
e x is tin g  la y o u t  o f  th e  s ite , w h ic h  ne ed ed  to  b e  m a in ta in e d  in  a n  o p e ra tio n a l s ta te . T w o  a lte rn a tiv e s  e m e rg e d  
in  s itu a tin g  th e  b u ild in g  o n  e iü ie r  a  n o rth -s o u th  p r im a ry  a x is  (w ith  m a in  fa c a d e s  fa c in g  e a s t-w e s t)  o r  a n  e a s t-  
w e s t a x is  (vw th m a in  fa c a d e s  fa c in g  n o rth -s o u th ). B o th  o p tio n s  h a d  th e ir  b e n e fits , b u t th e  d iffe re n c e  in  o v e ra ll 
e n e rg y  p e r fo rm a n c e  w a s  s lig h tly  o v e r 1% , h e n c e  c o n s id e re d  in s ig n if ic a n t.  It is  im p o r ta n t  to  n o te  th a t  
c o m p a re d  w ith  th e  e a s t-w e s t o p tio n  th e  n o rth -s o u th  o p tio n  ha d  re d u c e d  c o o lin g  lo a d s , b u t in c re a s e d  h e a t in g  
lo a d s . T h is  is  th e  e ffe c t o f  p a s s iv e  s o la r g a in s  on  th e  s o u th  fa c in g  fa ç a d e , a n d  s u g g e s ts  th a t  th is  o p t io n  w ill 
n eed  c a re fu l c o n s id e ra tio n  o f  s o la r  s h a d in g  to  th e  so u th .
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E n e rg y -1 0  w a s  s u ita b le  s in c e  th e  b u ild in g  c o u ld  e s s e n t ia lly  be  c o n s id e re d  as  3  in d iv id u a l b u ild in g s . T h is  w a s  
m a d e  p o s s ib le  s in c e  th e  b u ild in g  is to  b e  d iv id e d  in to  th re e  z o n e s  w ith  s m a ll a re a s  o f  c o n ta c t b e tw e e n  th e m . 
T h e s e  c o n ta c t z o n e s  a re  s h o w n  on  th e  f lo o r -p la te s  a b o v e  a b o v e .
T H E  H O S P IT A L  
C O M P A N Y
&carillion
2.4 Slough Estates: Farnborough
It is  in te n d e d , th ro u g h  th e  S lo u g h  E s ta te s  p ro je c t to  g a in  a  d e e p e r  u n d e rs ta n d in g  o f  th e  c lie n t ’s  v ie w  o f  
e n e rg y  e f f ic ie n c y  m e a s u re s , a n d  w h e th e r  th e  to o ls  a s  p ro p o s e d  to  d a te  g iv e  th e  c lie n t  s u ff ic ie n t in fo rm a tio n  
o n  w h ic h  th e y  c a n  b a s e  a n d  p ro v e  a  s tra te g ic  c o n s tru c tio n  d e c is io n . A n y  s u b s e q u e n t in fo rm a tio n  
re q u ire m e n ts  c a n  th e n  b e  b u ilt  in to  th e  to o l. In  d e a lin g  m a in ly  w ith  P F l p ro je c ts  th e  “c lie n t” h a s  e s s e n t ia lly  
b e en  a n  in te rn a l p a rty . T h is  p ro je c t w ill g iv e  an  a n g le  o n  th e  d e s ig n  p ro c e s s  w h ic h  h a s  n o t b e e n  a d d re s s e d  
p re v io u s ly , a n d  in  d e a lin g  w ith  a  n o n -P F I b id  th e  to o l c a n  b e  e x p o s e d  to  s itu a tio n s  in  w h ic h  th e  d e v e lo p e r  
ha s  a  le s s e r  in te re s t in  th e  lo n g  te rm  p e r fo rm a n c e  o f  th e  b u ild in g .
T h e  S lo u g h  E s ta te s  p ro je c t  a t  F a m b o ro u g h  is  a  s p e c u la tiv e  b u s in e s s  p a rk  d e v e lo p m e n t. T h is  is  a  n o n -P F I 
d e v e lo p m e n t,  a n d  C a r il l io n  h a v e  re c e n t ly  b e e n  a w a rd e d  th e  c o n tra c t fo r  th e  phase -1  o f  th e  p r o je c t  S lo u g h  
E s ta te s  a r e  re c o g n is e d  a s  b e in g  a  re la t iv e ly  e n v iro n m e n ta lly  fo re s ig h te d  d e v e lo p e r, in  th a t  th e y  h a v e  s e t  a  
n u m b e r o f  e n v iro n m e n ta l p a ra m e te rs  a s  p a r t  o f  th e  b id d in g  p ro c e s s . D e s ig n  s p e c if ic a tio n s  a n d  c o s ts  a re  
s tro n g ly  in flu e n c e d  b y  p a s t  p ro je c ts , h e n c e  a  ty p ic a l fo rm u la  e m e rg in g  fo r  su c h  d e v e lo p m e n ts . T h e  b a s ic  
d e s ig n s  c o n s is t  o f  fu l ly  c u r ta in  w a lle d  ( fu ll g la z in g ), a n d  fu l ly  a ir -c o n d it io n e d  o ffic e s . T h e  n a tu re  o f  th is  fo rm  o f  
c o n s tru c t io n  ty p ic a lly  le a d s  to  b u ild in g s  w ith  h ig h e r th a n  a v e ra g e  e n e rg y  c o n s u m p tio n . T h e  fu l ly  g la z e d  
fa c a d e s  le a d  to  p o te n t ia l o v e rh e a t in g  in  s u m m e r (h e n c e  th e  n e e d  fo r  a ir -c o n d it io n in g )  a n d  v e ry  h ig h  h e a t 
lo s s  d u r in g  th e  w in te r . E v e n  th e  m o s t a d v a n c e d  m u lti-g la z e d  u n its  t ra n s m it  s ig n if ic a n tly  m o re  h e a t th a n  e v e n  
n o n - in s u la te d  w a lls , a n d  th e  lo w  th e rm a l m a s s  m e a n s  th a t  th e  s tru c tu re  is  u n a b le  to  a id  in  th e  re g u la t io n  o f  
c o n s ta n t in te rn a l te m p e ra tu re s . It m ig h t  b e  e x p e c te d  th a t  w ith  a lm o s t 1 0 0 %  g la z e d  fa c a d e s  th a t  th e  lig h tin g  
lo a d s  fo r  s u c h  b u ild in g s  a re  lik e ly  to  b e  d e m o n s tra b ly  lo w e r th a n  a  m o re  c o n v e n tio n a l s o lu t io n . T h is  is  n o t 
n e c e s s a r ily  th e  c a s e  s in c e  a  b u ild in g  w i ll n e e d  e ith e r  a  t in te d  c o a t in g  o n  th e  g la z in g  o r  a n  a lte rn a tiv e  a n t i­
g la re  p ro te c t io n  h e n c e  im p a ir in g  th e  p o te n t ia l fo r  d a y lig h tin g .
B a s e d  o n  th e s e  o u t lin e  p a ra m e te rs , it  is  c le a r  th a t  th e  p e rfo rm a n c e  o f  th e s e  d e s ig n s  h a v e  s ig n if ic a n t  s c o p e  
fo r  im p ro v e m e n t. T h e  a im  o f  th e  a p p lic a t io n  o f  th e  e n e rg y  to o lk it  to  th is  p ro je c t is  th e  fo n m u la tio n  o f  a n  
a lte rn a tiv e  a p p ro a c h  to  th e  c o n s tru c t io n  o f  f i j tu re  o ff ic e  d e v e lo p m e n ts  o n  th e  F a m b o ro u g h  s ite . T h ro u g h  a  
m e e tin g  w ith  th e  c lie n t,  i t  is  h o p e d  to  g a in  a n  in s ig h t in to  th e  im p o rta n c e  o f  e n e rg y  e f f ic ie n t d e s ig n  in  th e ir  
a b ility  to  le t  o f f ic e  s p a c e .
T h e  p ro p o s e d  s c h e d u le  o f  w o rk  w ill b e  c o m p le te d  in  a p p ro x im a te ly  f iv e  w o rk in g  d a y s  in  A p r il,  in c lu d in g  th e  
m e e tin g  w ith  th e  c lie n t. T h is  w o rk  is  n o t in te n d e d  to  d e v e lo p  a lte rn a tiv e  d e s ig n s , b u t  ra th e r  to  d e m o n s tra te , 
a n d  p ro v id e  g u id a n c e  o n  th e  le ve l o f  o p p o rtu n ity , a n d  its  e n v iro n m e n ta l a n d  f in a n c ia l im p lic a tio n s  a v a ila b le  
o n  fu tu re  b u ild in g s .
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3. Design Procedure
3 .1 Energy Design Tools
T h e  E n e rg y  T o o lk it  w ill w o rk  w ith  a n y  e n e rg y  p e r fo rm a n c e  a s s e s s m e n t p a c k a g e  o n  th e  m a rk e t. H o w e v e r  it is 
im p o rta n t to  n o te  th a t  th e  to o l m u s t p a s s  s o m e  b a s ic  c r ite r ia  in  te rm s  o f  th e  n a tu re  o f  th e  in p u ts  a n d  o u tp u ts  
re q u ire d  a n d  d e liv e re d . T h is  re s e a rc h  h a s  c o n s id e re d  s ix  a lte rn a tiv e  m e th o d o lo g ie s  w h ic h  a re  a v a ila b le  to  
s u p p o rt th e  p ro c e s s , a n d  in  th e  3 6 -m o n th  re p o r t  a  m a tr ix  w a s  p u t fo rw a rd  in  o rd e r  t o  g u id e  th e  u s e r  to  th e  
m o s t s u ita b le  to o l to  m e e t th e ir  p ro je c t re q u ire m e n ts . T h e  f in a l v e rs io n  o f  th is  m a tr ix  w ill be  p u b lis h e d  in th e  
th e s is , a n d  w ill a ls o  p ro v id e  d e ta ile d  g u id a n c e  o n  s e le c t in g  to o ls  th a t  m a y  n o t  c u r re n t ly  b e  on  th e  m a rk e t.
T h e  m o re  c o m p le x  to o ls  w ill n o t b e  s u ita b le  f o r  n o v ic e  u s e rs , a n d  th is  p ro b le m  re p re s e n ts  a  s ig n if ic a n t  r is k  to  
th e  s u c c e s s fu l im p le m e n ta tio n  o f  th e  E n e rg y  T o o lk it .  L a rs s o n  (2 0 0 0 )^  c o n s id e re d  th e  p o te n tia l p itfa lls  o f  
in e x p e r ie n c e d  in d iv id u a ls  u s in g  b u ild in g  e n e rg y  p e r fo rm a n c e  to o ls , a n d  h is  k e y  f in d in g s  a re  s u m m a r is e d  as  
fo llo w s :
E rro r  w h ils t  in p u ttin g  d a ta  
M is in te rp re ta tio n  o f  th e  d e s ig n  in fo rm a tio n  
O u t o f  d a te  d e s ig n  in fo rm a tio n  
P o o r a s s u m p tio n s  a n d  ju d g e m e n ts  
E rro rs  in  th e  s o ftw a re
In o rd e r  to  a d d re s s  th e s e  is s u e s , a  tw o  t ie r  c h e c k in g  s y s te m  is  p ro p o s e d . T h e  f ir s t  o rd e r  w ill d ire c t  th e  u s e r  to  
c o m p a re  th e ir  o u tp u ts  to  n a tio n a l D E T R  s ta tis t ic s , th is  w i ll in d ic a te  i f  th e  re s u lts  a r e  s ig n if ic a n t ly  in c o rre c t. 
T h e  s e c o n d  o rd e r  o f  c h e c k in g  w o u ld  c o m e  fro m  th e  d e s ig n  te a m  th e m s e lv e s , e s s e n t ia lly  a  p e e r  re v ie w  
p ro c e s s . T h e  te a m  w o u ld  n e e d  to  s e e  a  c h e c k lis t  o f  th e  in p u t p a ra m e te rs  a n d  a s s u m p t io n s  in  o rd e r  to  
a p p ro v e  th e  re su lts .
3 .2  Energy-Cost Model
T h e  e n e rg y -c o s t m o d e l h a s  b e e n  u p d a te d  b a s e d  o n  th e  e x p e r ie n c e  o f  a p p ly in g  it  to  a  n u m b e r  o f  p ro je c ts . In  
a p p l^ n g  th e  to o l to  liv e  p ro je c ts , tw o  k e y  p ro b le m s  h a v e  e m e rg e d . F irs t ly ,  m o re  ra p id  s y n th e s is  o f  c o s t  d a ta  
w a s  re q u ire d  fo r  th e  o u t lin e  d e s ig n  o f  th e  d e s ig n , a s  it  is  h e re  w h e re  th e  p a c e  o f  d e s ig n  c h a n g e  is  m o s t 
a p p a re n t. T h e  s o lu tio n  to  th is  h a s  b e e n  to  c re a te  a  liv e  c o s t  d a ta b a s e  f o r  fu n d a m e n ta l b u ild in g  e le m e n ts  
u s in g  th e  s a m e  s o u rc e  o f  in fo rm a tio n  a s  a  c o n s tru c tio n  e s t im a to r  w o u ld  u s e  a t  th is  s ta g e . S e c o n d ly , it  h a s  
be en  c o n s id e re d  th a t fu n d a m e n ta l fe a tu re s  o f  th e  p ro p o s e d  b u ild in g  s h o u ld  q u ic k ly  e n a b le  th e  E n e rg y  T o o lk it  
u s e r to  f i l te r  a  la rg e  p o te n tia l p a c k a g e  o f  e n e rg y  e ff ic ie n c y  s tra te g ie s  d o w n  to  a  d e f in it iv e  lis t  o f  s tra te g ie s  fo r  
fu r th e r  a n a ly s is  a t  s c h e m e  d e s ig n  s ta g e .
 ^ S e e  h ttD ://w w w .Q re e n b u ild in c .c a /c 2 0 0 0  f o r  m o re  d e ta ils
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T h e  f ilte r in g  o f  p o s s ib le  e n e rg y  e f f ic ie n c y  m e a s u re s  ha s  b e e n  a c h ie v e d  th ro u g h , th e  in c lu s io n  b u ild in g  
d e s c r ip tio n  d e c is io n  t re e .  A  n e w  s h e e t  h a s  b e e n  a d d e d  in  w h ic h  th e  u s e r  in p u ts  a  n u m b e r o f  fe a tu re s  a b o u t 
th e  p ro p o s e d  b u ild in g :
I Building Use: W h e th e r  th e  b u ild in g  is  re s id e n tia l,  o ff ic e , in s titu t io n a l o r  h e a lth . T h is  d e te rm in e s  th e  b a s ic  
I e n e rg y  p ro file  o f  th e  b u ild in g  a n d  w h e re  th e  e n e rg y  s a v in g  o p p o rtu n it ie s  a re  lik e ly  to  a r is e . F o r  e x a m p le ,
I u s in g  th e  p re v io u s ly  d is c u s s e d  e x a m p le  o f  h o s p ita ls , it w o u ld  b e  a u to m a tic a lly  s u g g e s te d  th a t h e a t in g  a n d  
v e n t ila tio n  s tra te g ie s  a re  c r it ic a l.
Building Occupation Patterns: B u ild in g s  th a t a re  o c c u p ie d  2 4  h o u rs  d e m a n d  d iffe re n t h e a tin g  p a tte rn s  
th a n  th o s e  o c c u p ie d  d u r in g  th e  d a y t im e . F o r  e x a m p le  p a s s iv e  c o o lin g  s tra te g ie s  u t il is in g  th e rm a l m a s s  w h ic h  
d e p e n d  u p o n  n ig h t c o o lin g  o f  th e  s tru c tu re  a re  n o t fe a s ib le  in 2 4  h o u r  b u ild in g s  s in c e  a  c o m fo r ta b le  in te rn a l 
e n v iro n m e n t n e e d s  to  b e  m a in ta in e d  th ro u g h o u t n ig h t  a n d  day.
Plan Depth: D e e p  p la n  b u ild in g s  a re  n o t  s u ita b le  fo r  n a tu ra l v e n t ila t io n , an d  th e  p ro c e d u re  s h o u ld  h ig h lig h t 
th e  p e r fo rm a n c e  p e n a lt ie s . A ls o  d a y lig h t in g  is  o n ly  e f fe c t iv e  in s p a c e s  w ith in  a p p ro x im a te ly  6m  o f  a  w in d o w . 
External Pollution: I f  e x te rn a l p o llu t io n  le v e ls  a re  h ig h , th e n  n a tu ra l v e n tila tio n  m a y  n o t o f fe r  a  s a t is fa c to ry  
v e n t ila tio n  o p tio n .
Location: T h is  p a ra m e te r  is  u s e d  to  d e te rm in e  t i ie  l ik e ly  le ve ls  o f  e x te rn a l p o llu t io n  a n d  no ise .
Noise: O p e n a b le  w in d o w s  a s  p a r t  o f  a  n a tu ra l v e n tila tio n  s tra te g y  a re  o n ly  e f fe c t iv e  if  th e  n o is e  le v e ls  
o u ts id e  a re  n o t e x c e s s iv e , u s u a lly  a  p ro b le m  in  to w n  c e n tre  lo c a tio n s , n e a r  a irp o rts  o r  b u s y  ro a d s .
} Temperature Tolerance: S o m e  b u ild in g s  d e m a n d  a  v e ry  t ig h t te m p e ra tu re  to le ra n c e  in w h ic h  to  p e rfo rm  
I th e ir  fu n c tio n ,  fo r  e x a m p le  o p e ra tio n a l h e a lth  b u ild in g s . S o m e  c lie n ts  d e m a n d  te m p e ra tu re  to le ra n c e s  
Infiltration Levels: B u ild in g s  w ith  h ig h  in fi lt ra t io n  le v e ls  a re  le s s  s e n s it iv e  to  h ig h  in s u la t io n  ra te s  
Building Size: T h e  s iz e  o f  a  p ro p o s e d  b u ild in g  Is a  m a jo r d e te rm in a n t in th e  a v a ila b ility  a n d  s u ita b i l ity  o f  
m e c h a n ic a l a n d  e le c tr ic a l in s ta lla t io n s .
T h e  p a ra m e te rs  b e h in d  th is  s h e e t  h a v e  b e e n  fo rm e d  fro m  a  c o m b in a t io n  o f  D E T R  E n e rg y  E ff ic ie n c y  B e s t 
P ra c t ic e  P ro g ra m m e  in fo rm a tio n , B R E  G u id e s , C IB S E  {C h a rte re d  In s titu te  o f  B u ild in g  S e rv ic e s  E n g in e e rs )  
g u id e s , a n d  d a ta  f ro m  th e  p ro je c t  a rc h iv e s  c o n s id e re d  in  th is  re s e a rc h . A  fu l l  c ro s s - re fe re n c in g  o f  th e  
re c o m m e n d a tio n s  a n d  th e ir  s o u rc e s  w ill b e  p u b lis h e d  in  th e  th e s is .
3 .3  Outline Costing Sheet
T h e  o r ig in a l c o s tin g  d a ta s h e e t e x a m in e d  th e  c o m p o n e n ts  re q u ire d  to  d e liv e r  a  p a r t ic u la r  e n e rg y  e f f ic ie n c y  
s tra te g y  fo r  th e  b u ild in g . T h e  s c re e n  s h o t  ( f ig  3 .3 .1 )  d e m o n s tra te s  th e  e x is t in g  s h e e t.  D u r in g  e a r ly  d e s ig n  
s ta g e s  th e  w h o le  e x te rn a l e n v e lo p e  is  c o n s id e re d , ra th e r  th a n  e x a m in a t io n  o f  m o re  s p e c if ic  e n e rg y  e ff ic ie n c y  
o p tio n s . T h is  c a u s e d  c o n fu s io n  w h e n  p re s e n tin g  th e  m o d e l to  d e s ig n  te a m  m e m b e rs . E s s e n tia lly , d u r in g  th e  
o u t lin e  d e s ig n  s ta g e , a  w h o le  b u ild in g  s tra te g y  is  ta k e n  e n c a p s u la tin g  th e  m a te r ia l re q u ire m e n ts  f o r  th e  w a lls , 
f lo o r, r o o f  a n d  g la z in g . T h is  s h o u ld  a l lo w  th e  c o m p a r is o n  o f  B u ild in g  R e g u la t io n s  “ m in im u m  s ta n d a rd s ” 
o p t io n s  w ith  a  u p g ra d e d  o p t io n s , th e  p e r fo rm a n c e  o f  w h ic h  is a s c e r ta in e d  th ro u g h  th e  e n e rg y  m o d e llin g  to o l. 
O th e r  a ttr ib u te s  s u c h  a s  o r ie n ta tio n  s h o u ld  c a r ry  n o  s p e c if ic  a d d itio n a l co s ts , h e n c e  th e s e  a re  o m it te d  fro m  
th e  c o s t  s id e  o f  th e  m o d e l.  F u r th e r  c o n s id e ra t io n  w ill h a v e  to  b e  g iv e n  a s  to  h o w  g la z in g  ra t io s  w ill b e  
in c lu d e d  in  th e  o u t lin e  c o s t in g  p a ra m e te rs , a s  a  u n it  a re a  o f  g la z in g  c o s ts  s u b s ta n t ia lly  m o re  th a n  a  p re -c a s t
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o r  b r ic k w o rk  w a ll, a n d  a ls o  ha s  s ig n if ic a n t e n e rg y  p e r fo rm a n c e  im p lic a tio n s . T h is  is  s h o r t ly  to  b e  in c o rp o ra te d  
in to  th e  m o d e l. T h is  n e w  o u tlin e  d e s ig n  c o s tin g  s h e e t (s e e  f ig u re  3 .3 .2 ) a llo w s  u s e rs  to  q u ic k ly  a n d  e a s ily  
g e n e ra te  a c o s t m o d e l fo r  th e  e x te rn a l d e s ig n  c o m p o n e n ts , a n d  a p p ly  o n e  o f  a  n u m b e r  o f  p re -d e te rm in e d  
u p g ra d e  s tra te g ie s  to  th e m .
P ro v is io n  m a y  a lso  n e e d  to  b e  m a d e  fo r  th e  c o s ts  in c u rre d  th ro u g h  a d d itio n a l d e s ig n  t im e  in c u r re d  a s  a 
re s u lt g re a te r  a tte n tio n  a n d  t im e  p a id  to  b u ild in g  p e r fo rm a n c e  (a n d  d e ta ilin g  lik e  th e rm a l b r id g in g ) , a n d  th e  
a c h ie v e m e n t o f d e s ig n  s ta n d a rd s  re q u ire d  b y  th e  E n e rg y  T o o lk it .  T h is  h a s  s o  fa r  p ro v e d  n o t to  b e  th e  ca se .
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Figure 3.3.1: A  s c re e n  s h o t d e m o n s tra tin g  th e  o r ig in a l c o s t in p u t p a ra m e te rs . F o r  o u t lin e  d e s ig n  s ta g e s  o n ly , 
th is  h a s  b e e n  s u p e rs e d e d  by th e  s c re e n  o n  th e  n e x t p a g e .
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Figure 3.3.2: A  s c re e n s h o t p re s e n tin g  th e  n e w  a p p ro a c h  to  g e n e ra t in g  c o s ts  a t  th e  o u tlin e  d e s ig n  s ta g e .
W h e n  th e  c o s ts  s u rro u n d in g  th e  o u t lin e  d e s ig n  p a ra m e te rs  h a v e  b e e n  g e n e ra te d  th e y  a re  s u b m itte d  in to  th e  
e x is tin g  c o s tin g  s h e e t a u to m a t ic a lly  w h e re  th e  u s u a l s e n s it iv ity  p a ra m e te rs  c a n  be  s e t w ith  re s p e c t to  th e  
d is c o u n t ra te , a n d  e n e rg y  p r ic e  s c e n a r io s .
3.4 Procedure Development
T h e  g e n e r ic  p ro c e d u re s  a llo w  th e  u s e rs  to  u n d e rs ta n d  w h ic h  p a rts  o f  th e  E n e rg y  T o o lk it  to  a p p ly  a t c e r ta in  
s ta g e s  o f  th e  d e s ig n  p ro c e s s . It w a s  c le a r ly  re c o g n is e d  in th e  p re v io u s  p ro je c t re v ie w  th a t  re fu rb is h m e n t 
p ro je c ts  s h o u ld  n o t b e  a s s e s s e d  in  th e  s a m e  m a n n e r  a s  n e w  bu ild  p ro je c ts , d e s p ite  s o m e  o b v io u s  
s im ila r it ie s  in th e  o v e ra ll a p p ro a c h . A  m o d if ie d  a p p ro a c h  is  p ro p o s e d  w h ic h  w a s  d e v e lo p e d  th ro u g h  th e  
d iff ic u lt ie s  in a p p ly in g  th e  g e n e r ic  p ro c e d u re  o u tlin e d  in  th e  3 6 -m o n th  re p o rt to  tw o  re fu rb is h m e n t p ro je c ts  
c o n s id e re d  in th is  re p o rt. It is  o n ly  in  th e  o u t lin e  d e s ig n  s ta g e  w h e re  th e s e  tw o  a p p ro a c h e s  d iffe r .  A  g e n e r ic  
p ro c e d u re  is  p ro p o s e d  in  th is  re p o r t  fo r  th e  la te r  s c h e m e  d e s ig n  s ta g e s  in w h ic h  a ll p ro je c ts  (n e w  b u ild  a n d  
re fu rb is h m e n t)  a re  a s s e s s e d  u s in g  th e  s a m e  a p p ro a c h .
Dealing with Refurbishment Projects
A s  d is c u s s e d  u s in g  th e  e x a m p le s  o f  B e d fo rd  a n d  L u to n  M a g is tra te s  c o u rts , re fu rb is h m e n t p ro je c ts  d e m a n d  
ra th e r  d if fe re n t a tte n tio n  d u r in g  th e  in it ia l d e s ig n  s ta g e s . T h e re  is  n o  p re -d e s ig n  s ta g e  a s  s u c h , s in c e  th e  
b u ild in g  a lre a d y  e x is ts . H o w e v e r  a s  in  th e  c a s e s  d e s c r ib e d  a b o v e , re fu rb is h m e n t f re q u e n t ly  a llo w s  fo r
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fu n d a m e n ta l c h a n g e s  to  th e  d e s ig n  o f  th e  b u ild in g , su ch  a s  th e  re d e s ig n  o f  fa c a d e s ,  o r  th e  d e m o lit io n  a n d  
re p la c e m e n t o f  s e c tio n s  o f  th e  b u ild in g . T h e  a im  o f  th is  s e c t io n  is to  p re s e n t a  d e ta ile d  g e n e r ic  p ro c e d u re  
m a p  w h ic h  is s y m p a th e t ic  to  th e  s p e c if ic s  o f  a re fu rb is h m e n t p ro g ra m m e , a n d  w h ic h  a llo w s  th e  to o ls  
a v a ila b le  to  be  use d  in th e  m o s t e ffe c tiv e  m a n n e r.
T h e  g e n e r ic  p ro c e d u re  fo r  re fu rb is h m e n t p ro je c ts  is h ig h lig h te d  b e lo w .
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Figure 3.4.1: D e m o n s tra tio n  o f  th e  G e n e r ic  P ro c e d u re  d u r in g  th e  o u t lin e  d e s ig n  p ro c e s s  fo r  re fu rb is h m e n t 
a n d  re d e v e lo p m e n t p ro je c ts .
Generic Procedure for Scheme and Detail/Scheme design processes
T h e  p ro c e d u re  w h ic h  is  o p e ra te d  d u r in g  th e  s c h e m e  an d  d e ta il s c h e m e  d e s ig n  s ta g e s  s h o u ld  a p p ly  to  a ll 
b u ild in g s  re g a rd le s s  o f  w h e th e r  th e y  a re  re fu rb is h m e n t p ro je c ts  o r  n e w  b u ild . It is  d u r in g  th is  s ta g e  o f  th e  
a p p lic a t io n  p ro c e s s  w h e re  fin a l o p tim is a tio n  o f  th e  d e s ig n  is  c o n d u c te d . A n  e n e rg y  p ro f i le  d e ta il in g  h o w  a n d  
w h e re  e n e rg y  is u s e d  in  th e  b u ild in g  c a n  b e  o b ta in e d  fro m  th e  e n e rg y  m o d e llin g  to o l,  a n d  in  c o n s u la t io n  w ith  
th e  m e c h a n ic a l a n d  e le c tr ic a l s e rv ic e s  c o n s u lta n ts , an d  th e  g u id a n c e  e n e rg y  p ro fi le s  m a d e  a v a ila b le  b y  
g o v e rn m e n t, an  a s s e s s m e n t c a n  b e  m a d e  a s  to  th e  k e y  e n e rg y  c o n s u m in g  p a ra m e te rs  in  th e  p ro p o s e d
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d e s ig n . W h e n  th e s e  e le m e n ts  h a v e  b e e n  re v e a le d , a  c o m p a r is io n  w ith  th e  d e s ig n  d e c is io n  m a tr ix  d e s c r ib e d  
in th e  p re v io u s  c h a p te r  w ill a l lo w  a  ra p id  f ilte r in g  o f  p o te n tia l e n e rg y  s a v in g  o p p o rtu n it ie s .
T h e  p ro c e s s  m a p  fo r  th e  s c h e m e  d e s ig n  p h a s e  is  d e ta ile d  in  f ig  3 .4 .2  b e lo w
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Figure 3.4.2: T h e  G e n e r ic  P ro c e d u re  A p p ro a c h  to  th e  S c h e m e  a n d  D e ta il/S c h e m e  d e s ig n  s ta g e s . In  P F l th is  
w o u ld  b e  up  to  th e  s u b m is s io n  o f  B A F O  (b e s t  a n d  f in a l o f fe r )
T h is  g e n e r ic  g u id a n c e  h a s  b e e n  p ro d u c e d  f ro m  o f  th e  e x p e r ie n c e s  o f  d e a lin g  w ith  th e  s c h e m e  d e s ig n  
p ro c e s s e s  on  th e  U n iv e rs ity  o f  H e rts  p ro je c t. T h e  p ro c e d u re  m a p  a b o v e  is re la t iv e ly  s e lf  e x p la n a to ry  in  te rm s  
o f  w h a t h a p p e n s , a n d  w h e n . T h is  w o rk  w o u ld  u s u a lly  b e  c o n d u c te d  in  th e  B A F O  (B e s t  a n d  F in a l O ffe r )  s ta g e  
o f  a P F l b id , a n d  d e p e n d in g  o n  th e  p ro je c t  th is  p e r io d  w o u ld  b e  in  th e  o rd e r  o f  tw o  to  th re e  m o n th s , th is  is  
b e tw e e n  th e  re c ie p t o f  in s tru c tio n s  a n d  th e  s u b m is s io n  of p ro p o s a ls  h e n c e  a llo w in g  6 -1 0  w e e k s  o f  
in v e s tig a tiv e  w o rk .
26
T h e  k e y  s ta g e s  o f  th e  p ro c e d u re  a b o v e  h a v e  b e e n  fo u n d  to  be  th e  s e le c t io n  o f  th e  s tra te g ie s  to  b e  a p p lie d  to  
th e  p ro je c t,  a n d  th e  s o u rc e  o f  d a ta  u s e d  to  a s s e s s  th e  e n e rg y  p e r fo rm a n c e  im p lic a tio n s  o f  th e  p ro p o s e d  
s tra te g y .
S e le c t in g  e n e rg y  e ff ic ie n c y  s c e n a r io s  w ill b e  a id e d  b y  th e  k e y  p ro je c t  p a ra m e te rs  s h e e t w h ic h  is  to  b e  
in c o rp o ra te d  in to  th e  e n e rg y -c o s t m o d e l. T h is  w a s  d is c u s s e d  in  s e c t io n  3 .2 . It is  h o w e v e r  o fte n  th e  c a s e  th a t  
th e  d e s ig n  te a m s  th e m s e lv e s  w ill s u g g e s t a d d itio n a l s tra te g ie s  to  b e  a n a ly s e d , a n d  th e  s u m m a tio n  o f  th e s e  
tw o  a p p ro a c h e s  g iv e s  r is e  to  th e  re f in e d  lis t  o f  p o te n tia l e n e rg y  e f f ic ie n c y  s tra te g ie s .
In te rm s  o f  da ta  s o u rc e s  fo r  e n e rg y  p e r fo rm a n c e  im p lic a tio n s , w h e re v e r  p o s s ib le  it  is  d e s ira b le  (a t  le a s t  in  th e  
f ir s t  in s ta n c e )  to  g e n e ra te  f ig u re s  u s in g  th e  b u ild in g  e n e rg y  a s s e s s m e n t to o l s u c h  a s  E n e rg y -1 0 . H o w e v e r  
th e re  a re  in s ta n c e s  w h e re  th is  is  u n fe a s a b le , a n d  e ith e r  m a n u fa c tu re rs  d a ta , o r  M & E  c o n s u lta n ts  d a ta  m u s t 
b e  u s e d . E n e rg y  to o ls  s u c h  a s  E n e rg y -1 0  d o  n o t a l lo w  th e  d e ta ile d  c o n s id e ra tio n  o f  a p p ro a c h e s  s u c h  a s  
s o la r  w a te r  h e a tin g  fo r  e x a m p le .
T h e  M & E  c o n s u lta n ts  d a ta  m u s t b e  c o n s id e re d  w ith  c a u tio n , it c a n  c o n ta in  h id d e n  a s s u m p tio n s  w h ic h  a re  
b a s e d  o n , fo r  e x a m p le  p a s t in c a rn a tio n s  o f  a  c e r ta in  te c h n o lo g y . In  th e  c a s e  o f  th e  U n iv e rs ity  o f  H e r tfo rd s h ire  
fo r  in s ta n c e , th e  M & E  c o n s u lta n ts  p ro fe s s e d  to  h a v e  a c c e s s  to  d a ta  o n  p e r fo rm a n c e  o f  s o la r  w a te r  h e a t in g  
s y s te m s . T h is  a c tu a lly  re la te d  to  a n  o ld  s c h e m e  u s in g  o ld  te c h n o lo g y , a n d  n o t th e  n e w ly  a v a ila b le  
a p p ro a c h e s  o n  th e  m a rk e t d is c u s s e d  in s e c tio n  2 .1 . D e p e n d in g  o n  th is  d a ta  a lo n e  w o u ld  h a v e  le d  to  
in c o r re c t  c o n c lu s io n s .
A  f in a l n o te  s h o u ld  b e  m a d e  a b o u t th e  f in a l p a r t  o f  th e  E n e rg y  T o o lk it  p ro c e s s e s . A t  th is  s ta g e  a  c h e c k  is  
m a d e  a s  to  w h e th e r  th e  b u ild in g  is p e r fo rm in g  a s  th e  b e n c h m a rk s  h a v e  in d ic a te d , a n d  a  f in a l m o d e llin g  
p h a s e  ta k e s  p la c e  to  e n s u re  th a t  a ll th e  p ro p o s e d  s tra te g ie s  w o rk  to g e th e r .  T h is  is  y e t  to  b e  a c t io n e d  in  
p ra c tic e , a n d  it  m a y  be  re q u ire d  to  u n d e rta k e  u s e  th e  m o re  d e ta ile d  C A D  b a s e d  m o d e ls  a lre a d y  w ith in  th e  
d e s ig n  c o m m u n ity  to  c o n firm  th a t  th e  p e r fo rm a n c e  is  a c c u ra te , a n d  o f fe r  a  p la tfo rm  fro m  w h ic h  to  p re s e n t 
f irm  e n e rg y  ta rg e ts  to  th e  c lie n t. T h is  w ill b e  re p o r te d  fu l ly  in  th e  f in a l th e s is .
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4. Portfolio Contents Schedule and thesis contents plan
T h e  e m p ir ic a l w o rk  in  th e  p ro je c t is  n o w  b e in g  c o m p le te d , a n d  a ll p la n n e d  e m p ir ic a l s tu d y  w ill b e  c o m p le te  b y  
th e  e n d  o f  A p r il 2 0 0 1 . T h e  p u rp o s e  o f  th is  s e c t io n  o f  th e  4 2 -m o n th  re p o r t  is  to  d e s c r ib e  th e  c o n te n ts  o f  th e  
f in a l p ro d u c t b o th  a c a d e m ic  a n d  c o rp o ra te .
T h e  d e liv e ra b le s  to  th e  c o m p a n y  w ill b e  a  fu l ly  o p e ra tio n a l d e s ig n  to o lk it  c o m p ris in g ;
1. A set of operational tools: A  f in a l d e v e lo p m e n t o f  th e  e n e rg y -c o s t  m o d e l, an d  in fo rm a tio n  a n d  g u id a n c e  
o n  u s in g  e n e rg y  a s s e s s m e n t to o ls . M o re  d e ta ile d  g u id a n c e  w ill b e  a v a ila b le  on  th e  e n e rg y  a s s e s s m e n t 
to o ls  w h ic h  h a v e  b e e n  m o s t e x te n s iv e ly  u s e d  th ro u g h o u t th is  re s e a rc h , th e  L T  m e th o d  a n d  E n e rg y -1 0 , 
a n d  th e  s u p p o rtin g  to o i-s e ie c t io n  m a tr ix  p ro p o s e d  in  th e  3 6 -m o n th  re p o rt.
2 . An Operational Manual: A  m a n u a l d e s c r ib in g  th e  n e e d  fo r  a n  e n e rg y  d e s ig n  to o lk it ,  a n d  h o w  a n d  w h e n  to  
a p p ly  it. T h e  f ir s t  c h a p te r  w ill c o v e r  th e  b a c k g ro u n d  fo r  th e  p ro c e d u re , h ig h lig h tin g  e x a c t ly  w h y  th e  
p ro c e d u re .
3 . Design Archive: A  s y s te m  w h e re b y  th e  d e c is io n s  a n d  o u tc o m e s  o f  th e  d e s ig n  p ro c e s s  c a n  b e  re c o rd e d , 
th e  m o d e lle d  re s u lts  ta b u la te d , a n d  w ill in c lu d e  a  fa c il i ty  to  re c o rd  th e  a c tu a l e n e rg y  p e r fo rm a n c e  o f  
th o s e  b u ild in g s  w h ic h  p ro g re s s  b e y o n d  th e  in it ia l d e s ig n  s ta g e  to  c o n s tru c t io n  a n d  o p e ra tio n . 
C o n s id e ra tio n  m u s t b e  g iv e n  to  h o w  th e  d e s ig n  a rc h iv e  w ill b e  m a n a g e d , a s  it  w ill o n ly  b e  e ffe c t iv e  if  it  is  
u n iv e rs a lly  a d o p te d , a n d  a ll f i le s  s h a re d  in te rn a lly .
4 . An Implementation Plan: A  d e ta ile d  p la n  f o r  th e  E n e rg y  T o o lk it  h a n d -o v e r  d e ta il in g  tra in in g  re q u ire m e n ts , 
s o ftw a re  lic e n s in g  a r ra n g e m e n ts  a n d  a ll o th e r  fu n c tio n a l re q u ire m e n ts  in  o rd e r  to  fu l ly  in te g ra te  th e  
p ro c e d u re  in to  e x is t in g  d e s ig n  m a n a g e m e n t p la n s .
5 . Teach-yourself Training Package: A  tra in in g  p a c k a g e  th a t  is  ru n  fro m  th e  u s e rs  o w n  c o m p u te r ,  g u id in g  
th e m  th ro u g h  th e  to o ls  a n d  a p p lic a t io n  p ro c e s s e s . T h is  o n lin e  tra in in g  s h o u ld  a l lo w  th e  u s e r  to  g e t  
s ta r te d  in  th e  a p p lic a t io n  p ro c e s s  w ith o u t th e  n e e d  fo r  im m e d ia te  a s s is ta n c e .
6 . Two trained expert Users: T h e  im p le m e n ta t io n  p a c k a g e  w ill p ro v id e  fo r  tw o  fu l ly  t ra in e d  e x p e r t  u s e rs . 
T h e s e  p e o p le  w ill b e  th e  b u s in e s s  p o in t o f  c o n ta c t  fo r  a ll q u e r ie s  re la t in g  to  th e  to o l.
Ite m s  1 -5  w ill b e  p a c k a g e d  in to  a  u s e r  g u id e . T h is  g u id e  m a y  b e  a  p a p e r v e rs io n  c o n ta in in g  th e  re le v a n t 
d is k s  in  o rd e r  to  ru n  th e  s u p p o rtin g  to o ls , b u t it m a y  e q u a lly  b e  a n  a ll e le c tro n ic  g u id e  p u b lis h e d  o v e r  th e  
c o m p a n y  in tra n e t w h ic h  is  in c re a s in g ly  u s e d  a s  a  m e a n s  o f  in te rn a l b u s in e s s  c o m m u n ic a t io n . T h is  g u id e  w ill 
fo rm  th e  s tru c tu re  o f  th e  p o rtfo lio , w h ic h  w ill s e e k  to  e x p lo re  th e  fo u n d a tio n s  a n d  p o s s ib le  fu tu re  d ire c t io n s  o f  
th is  re s e a rc h  in  m u c h  g re a te r  d e ta il.
A  fu ll c o n te n ts  p la n  fo r  th is  d o c u m e n t is  h ig h lig h te d  b e lo w . C o n s id e r in g  th e  fa c t  th a t  th e  p o r tfo lio  m a te r ia l w il l 
b u ild  u p o n  th e  b u s in e s s  m a n u a l, th e  c o n te n ts  o f  th e  la tte r  a re  d e s c r ib e d  f irs t, a n d  a n y  a d d it io n a l c o v e ra g e
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re q u ire d  fo r  th e  a c a d e m ic  p o r tfo lio  a re  c o n s id e re d  a s  a n  a d d itio n . It is  in te n d e d  th a t  th e  a c a d e m ic  a n d  
c o rp o ra te  d o c u m e n ts  a re  s e a m le s s ly  in te g ra te d .
Chapter 1: in tro d u c tio n  a n d  B a c k g ro u n d : T h is  w ill d e s c r ib e  th e  u n d e r ly in g  fa c ts  o f  th e  s ig n if ic a n c e  o f  
b u ild in g  e n e rg y  p e r fo rm a n c e  in  fo r  b o th  th e  in d u s try , a n d  fo r  n a tio n a l e n v iro n m e n ta l im p a c ts . T h e  
c o m m e n ta ry  w ill e x p la in  th e  ra t io n a le  b e h in d  th e  u s e  o f  life  c y c le  c o s tin g  a s  a  s u p p o rtin g  to o l. In  th e  
c o rp o ra te  m a n u a l th is  b a c k g ro u n d  m a te r ia l w ill b e  b r ie f in tro d u c tio n  to  th e  c o n s id e ra b le  s ig n if ic a n c e  o f  
b u ild in g  e n e rg y  p e r fo rm a n c e  o n  a  n a tio n a l s c a le  a n d  in  th e  life  c y c le s  o f  b u ild in g  p ro je c ts .
In addition to this the academic thesis will cover the international context for the work, the literature 
background, and where this particular research fits within this. The contribution to knowledge will be firmly 
stated up-front This can essentially be formed from past work including the 24-month dissertation, but must 
take into account research developments since this time, with updates to the literature review.
Chapter 2: A p p ro a c h e s : W ill d e s c r ib e  th e  u lt im a te  a im  o f  th e  p ro c e d u re , a n d  w h a t  it s e e k s  to  a c h ie v e . W ill 
in tro d u c e  th e  tw o  to o ls  to  b e  u s e d  to  s u p p o r t  th e  d e c is io n  m a k in g  p ro c e s s , th e s e  b e in g  th e  e n e rg y -c o s t  
m o d e l, a n d  a n  e n e rg y  p e r fo rm a n c e  a s s e s s m e n t to o l. T h e  la tte r  w ill b e  in tro d u c e d  th ro u g h  th e  s e le c t io n  
m a tr ix  d e s c r ib e d  in it ia l ly  in  th e  2 4 -m o n th  re p o rt. T h e  to o ls  w ill b e  e x p la in e d  a n d  p la c e d  w ith in  th e  p ro c e d u re  
u s in g  a n  o v e ra ll ( le s s  d e ta ile d ) g e n e r ic  p ro c e d u re  m a p  (d e s c r ib e d  p re v io u s ly  in  th e  3 6 -m o n th  re p o r t  o n  p a g e  
1 5 ). T h e  re s o u rc e  re q u ire m e n ts  d u r in g  th e  a p p lic a tio n  p ro c e s s , a n d  w h ic h  m e m b e rs  o f  th e  d e s ig n  a n d  
p ro je c t  te a m  a re  re q u ire d  to  p e rfo rm  a n d  s u p p o r t th e  to o lk it .
The academic thesis will need to fully justify the approaches described above, about how and why the tools 
fit into the design process, and a justification of the individual tools themselves, how they are selected and 
how they can be depended upon to provide accurate and appropriate information. In terms of the energy 
assessment tools the simplicity vs. complexity issues will be discussed and justified.
Chapter 3: D e ta ile d  P ro c e d u re s : T h is  s e c tio n  w ill c o v e r  th e  p ro c e d u re s  in  d e ta il. .  A s  a  k e y  fe a tu re  o f  th is  
p ro c e d u re  is  th e  d a ta  c a p tu re  a n d  le g a c y  a rc h iv in g  o f  b u ild in g  p e r fo im a n c e , p ro fo rm a  w ill b e  g iv e n  f o r  th e  
re c o rd  o f  d a ta  re q u ire d , a n d  a n  e x a m p le  o f  h o w  a  c o m p le te  a rc h iv e  f i le  w o u ld  lo o k .
The academic thesis will add to this a full justif cation of why the groups of people and application pathways 
are the most appropriate ways of seeking influence on the design. Will compare the Energy Toolkit with a 
number of alternative methods of improving the design process in buildings like BREEAM, Envest, C-2000 
(refer to 24 month report for details).
Chapter 4: L e g a c y  A rc h iv e : T h is  s e c tio n  w ill in c lu d e  th e  u p  to  d a te  d a ta  o n  a ll p ro je c ts  c o v e re d  s o  fa r .  T h e  
d is k  c o n ta in in g  th e  s u p p o rtin g  p ro c e d u re  to o ls  w ill in c lu d e  p ro fo rm a  fo r  th e  a d d it io n  a n d  u p k e e p  o f  a d d it io n a l 
re c o rd s . T h is  s e c t io n  is  p a r tic u la r ly  im p o rta n t, a s  it  w ill d e m o n s tra te  th e  p e r fo rm a n c e  o f  th e  to o l o n  a  w id e  
v a r ie ty  o f  p ro je c ts , a n d  w ill u lt im a te ly  e n a b le  th e  c o m p a r is o n  o f  m o d e lle d  p e r fo rm a n c e  w ith  a c tu a l 
p e r fo rm a n c e  a llo w in g  fu r th e r  re f in e m e n t o f  th e  s u p p o rtin g  to o ls  a n d  in p u t p a ra m e te rs .
29
This chapter will not be supported by any additional academic documentation, other than a more detailed 
commentary on the projects to which the procedure has been applied, the realities, breakthroughs and 
pitfalls that have allov/ed the development of the tool to its current state. Also will highlight a procedure to be 
followed if the performance of the energy modelling tools is significantly dissimilar to the actual results from 
obtained from the operative building.
C h a p te r  5 : F u tu re  D e v e lo p m e n ts : T h e  c o m m e rc ia l d o c u m e n t w ill h ig h lig h t  th a t th e  to o l h a s  o n ly  b e e n  
d e v e lo p e d  u p  to  a  p o in t, th e re  w ill b e  m a n y  a v e n u e s  fo r  re f in e m e n t a n d  a d d itio n . W ill a ls o  h ig h lig h t th e  
s y n e rg y  w ith  o th e r  p o te n tia l d e s ig n  to o ls  s u c h  a s  L O A  ( li fe  c y c le  a s s e s s m e n t) .
The academic sections will discuss the further research in much more detail, for example hov/ the cost 
inventories could link to LCA impact inventories to capture the materials related impacts of the lov/ energy 
building scenarios. Will examine the current climate in energy efficiency application, the sociological 
arguments and perceived barriers to that application.
C h a p te r  6 : S u m m a ry : A  b r ie f c o m m e rc ia l c o n c lu s io n  s u m m a r is in g  a ll th e  p o in ts  a b o v e , a n d  h ig h lig h tin g  th e  
n a m e s  a n d  c o n ta c t  d e ta ils  o f  th e  e x p e r t  to o l u s e rs .
Academic conclusion will again summarise all the points above, but with more emphasis on the research 
angle, contribution to knowledge, and the contribution of the Energy Toolkit to the broad and complex issues 
of building energy consumption. Will include the restatement of the fact that reforming our approach to these 
issues could enable us to significantly reduce national CO2 emissions without incurring insurmountable 
additional costs. The debate in the literature has commonly discussed energy efficiency options on the basis 
of technology”. However the fact is that there is scope to improve our approach to the fundamentals of 
design such as ensuring the buildings are insulated, glazed and oriented correctly, this "low hanging fruit” is 
yet to be fully exploited.
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Provsional Chapter Listing and Structure for Academic Thesis:
1. Exec Summary
2. introduction
W h y  B u ild in g  E n e rg y  P e rfo rm a n c e ?
C u rre n t c l im a te :  C o n tra c ts /P F I/E c o n o m ic s  
E n v iro n m e n t v s . E c o n o m ic s  o r  a  s y n e rg is t ic  re la t io n s h ip ?
G o v e rn m e n t R e s p o n s e s  to  Is s u e s  
In te rn a t io n a l R e s e a rc h : W h a t  c a n  w e  le a rn ?
W h a t a re  th e  “ k n o w le d g e  g a p s ” to  d e liv e r in g  e n e rg y  e ff ic ie n t b u ild in g s ?
3. Research Approach
R e s e a rc h  Q u e s tio n  A n d  H o w  w ill re s e a rc h  fill th e  a b o v e  k n o w le d g e  g a p s ?
C o n tr ib u t io n  to  K n o w le d g e  
S p e c if ic a tio n  fo r  T o o ls  
D e s c r ip t io n  a n d  J u s t if ic a t io n  o f  T o o ls
4. Procedures:
W h o le  P ro c e d u re  M a p  
M e th o d o lo g y  fo r  P ro c e s s  F o rm u la tio n  
E n e rg y  to o ls  s e le c tio n  M a tr ix  
E n e rg y  M o d e l 
K e y  S ta g e s /D e v e lo p m e n ts
5. Results
C a s e  S tu d ie s  P re s e n ta t io n  
D e s ig n  A rc h iv e  
L im ita t io n s  o f  s tu d y
6. Further Research
H o w  c a n  th e  to o l b e  d e v e lo p e d  w ith in  e x is tin g  B r ie f
H o w  c o u ld  th e  to o l b e  d e v e lo p e d  w ith in  n e w  fra m e w o rk s . (E g : H o w  c o u ld  th e  to o l b e  lin k e d  to  L C A  b a s e d  
to o ls  to  g iv e  re la t iv e  im p a c ts  o f  m a te r ia l p ro d u c tio n )
7. Conclusions
8. Acknowlegements
9. Full Reference list
A  re f in e d  a n d  d e ta ile d  th e s is  c o n te n ts  p la n  is  to  b e  d is c u s s e d  a t th e  n e x t s u p e rv is o rs  m e e tin g .
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5. Write-Up Phase Plan
D u rin g  la te  A p r il th e  e m p ir ic a l s u p p o r t in g  w o rk  fo r  th is  p ro je c t w ill b e  c o m p le te d , a n d  w h ile  th e re  w ill 
in e v ita b ly  b e  s o m e  m in o r  f in a l c o m p le tio n  w o rk ,  th e  m a in  fo c u s  o f  th e  re m a in in g  re s e a rc h  p e rio d  w ill b e  th e  
c o n s tru c tio n  o f  th e  o p e ra tiv e  to o lk it  a n d  s u p p o r t  m a te r ia ls  a lo n g s id e  th e  a c a d e m ic  p o rtfo lio . T h e  w r ite  u p  
p h a s e  c a n  b e  d iv id e d  in to  th re e  k e y  a re a s :  th e  f in a l re f in e m e n ts  to  th e  e n e rg y -c o s t m o d e l, th e  w r it in g  o f  th e  
o p e ra tio n a l m a n u a l, tra in in g  g u id e s , a n d  C a r ill io n  im p le m e n ta tio n  p la n , a n d  th e  a c a d e m ic  th e s is . T h e  f in a l 
d e v e lo p m e n t o f  th e  E n e rg y  T o o lk it  w ill b e  c o m p le te d  f irs t,  a s  th is  is  lik e ly  to  b e  m in o r  tw e a k s  a n d  
a m m e n d m e n ts  in  th e  lig h t o f  th e  re m a in in g  e x p e r ie n c e s .
It is  in te n d e d  to  w r ite  th e  c o rp o ra te  a n d  a c a d e m ic  p a rts  o f  th e  p o r t fo lio  c o n c u rre n tly , a n d  b o th  w ill a d h e re  to  
th e  s a m e  b a s ic  c o n te n ts  s tru c tu re .
Provisional Deliverables Dates:
T h e s e  d a te s  a re  to  b e  c o n f irm e d  o r  u p d a te d  fo llo w in g  c o m m e n ts  o n  2 0 /4 /0 1 .
Item Complete Date Comments Due i Action Required By
Make final revisions to energy-cost model 3/5/01 (TBC) 1 All at next 
1 supervisors meeting
Prepare Academic and Corporate 
Background Chapter (Chapt 1 )
3/5/01 10/5/01 1 BQ/CF
Finalise and Expain Generic Procedures 
(Chapt 3)
3/5/01 10/5/01 1 BQ/CF
Finalise Energy-too! Selection Matrix and 
supporting commentary
18/5/01 25/5/01
Chapter 2: Linking tiie backround to 
research action and overall approaches
01/6/01 08/06/01 1 CF/BO 1
Formulating Existing Proiect Archive 01/6/01 15/06/01 CF/BQ
Further Development Opportunities 
(Corporate)
15/6/01 22/6/01 t BQ/CF
Further Research Opportunities 
(Academic)
22/6/01 29/6/01 1
Proiect Implementation Plan 6/7/01 13/7/01 1 BQ
Complete Operational Manual 6/7/01 27/7/01 1 BQ/CF
Draw up conclusions 
(Corporate/Academic)
3/8/01 10/8/01 CF/BQ
Write Executive Summary (Academic) 17/8/01 21/8/01 1 CF
Train Two Expert Users 17/8/01 N/A 1 BQ/CF
Project Plan Gannt Chart
T h e  p ro je c t G a n n t C h a r t  is  p ro p o s e d  o n  th e  fo llo w in g  p a g e  h ig h lig h in g  w o rk  p e r io d s  a n d  th e  k e y  p ro v is io n a l 
d e liv e ra b le  d a te s  d e s c r ib e d  a b o v e .
32
EngD Project Completion Plan
10
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
Task Name Duration Start
Uni of Herts BAFO Startup 
FB Net Meeting 
Uni of Herts Select Scenarios 
Uni of Herts DIM
Update Model (Selection Strategies) 
Perform Modelling Scenarios & Feedbac 
Interface Presentation 
Weeklong Exercise (Slough Estates)
SL EST (Architects Design Meeting)
SL EST (Modelling Env/Cost)
SL EST (Client Meeting)
Discuss Wallsgrave Strategy 
Write Up 42 Month Report 
Submit 42 Month Report
4 days Tue 27/02/01 
1 day Wed 28/02/01
1 day Thu 01/03/01
0 days T ue 06/03/01
2 days Tue 06/03/01
9 days Tue 06/03/01
1 day Mon 12/03/01
5 days Tue 13/03/01
1 day Tue 13/03/01
3 days Mon 09/04/01
1 day Thu 12/04/01
1 day Mon 26/03/01
6 days Sat 24/03/01
0 days Fri 30/03/01
Submit Uni of Herts Final Recommendat 2 days Mon 02/04/01
Hospital Operation 4 days Wed 04/04/01
Detail Plan for Write Up 2.5 days Mon 09/04/01
Submit Plan to Supervisors 1 day Wed 11/04/01
Supervisors Meeting (TBC) 1 day Mon 16/04/01
Wallsgrave (Depending On Result) 15 days Mon 26/03/01
Uni of Herts: Write BAFO Submission 2 days Mon 09/04/01
Uni of Herts: Docs Submitted Odays Mon 23/04/01
Complete Empirical Work Odays Fri 20/04/01
Start Write Up Process Odays Wed 11/04/01
Finalise Spreadsheet Model 5 days Mon 16/04/01
Update Energy Tools info (Final Review) 5 days Thu 03/05/01
Draw up Complete Process Map 5 days Thu 03/05/01
Justification of Approaches (Chpt 2) 15 days Fri 27/04/01
Finalise energy tool selection matrix 10 days Fri 04/05/01
Paper B (Detailed Use of Procedure) 19 days Fri 09/03/01
Paper C (ICE?) 15 days Mon 30/04/01
Formulate Existing Project Archive 10 days Fri 18/05/01
Detail further corporate and academic re 10 days Fri 01/06/01
Start Discussions RE External Examiner 1 day Fri 01/06/01
Draw up project implementation plan 5 days Mon 02/07/01
Complete Operational Manual 25 days Fri 15/06/01
EPSRC Gradschool 5 days Mon 23/07/01
Write conclusions 12 days Mon 23/07/01
Write Exec Summary 10 days Wed 08/08/01
Submit Portfolio Odays Fri 24/08/01
Training of Two Expert Users 19 days Fri 10/08/01
Contingency 27 days Fri 24/08/01
End
March
Beginning Middle End
Project: 42rpt 
Date: Mon 09/04/01
April
Beginning Middle End
I r .
,06/03
May
Beginning Middle End
June July
Beginning Middle End Beginning
^  30/13
i i
^  23/04
^  20/04
: 11/04
Task
Split
Progress
Milestone
Summary 
Rolled Up Task
Rolled Up Split   Ro"ed Up Progress
D Rolled Up Milestone <Q>
Project Summary
External Tasks
Mon 09/04/01 12:38
EngD Project Completion Plan
August September October November December
Middle T End Beginning Middle End Beginning Middle | End Beginning Middle End Beginning Middle End Beginning Middle | End
mm mmm
i
^  24/08
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Project; 42rpt 
Date: Mon 09/04/01
Task
Split
IjijijjjjjjjHijijHHHijHill Progress 
Milestone
Summary 
Rolled Up Task
Rolled Up Split 
Rolled Up Milestone
Rolled Up Progress 
External Tasks
Project Summary
Mon 09/04/01 12:38
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